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Introduction 


Most things have parts. Moreover, very often we can explain the behaviour 
of compound things in terms of the behaviour of its constituents. Thus it 
seems to be plausible that compound things behave the way they do in virtue 
of the behaviour of the parts. That is, at least, what the microphysicalist 
claims. ‘[E]verything non-microphysical is composed out of microphysical 
entities and is governed by microphysical laws’, as Philip Pettit put it (1994: 
253). The parts or constituents of compound systems are taken to be the 
ultimate agents. I will argue that this view is wrong. 

Microphysicalism is both an integral part of our scientific and philosoph- 
ical heritage and an influential contemporary view. Natural philosophers 
in the seventeenth century attempted to show how the macroscopic natural 
phenomena we observe occur in virtue of the movements of atoms or 
other corpuscles and relations among them. According to contemporary 
microphysicalist doctrine macrophenomena supervene on the properties of 
micro-constituents. The macroworld is the way it is because the microworld 
is the way it is. According to David Lewis’s well-known thesis of Humean 
supervenience ‘all there is to the world is a vast mosaic of local matters of 
particular fact, just one little thing and then another. ... And that is all’ 
(Lewis 1986b: 1x—x). Microphysicalism attributes an ontological priority to 
microphysical entities. 

Why is microphysicalism such an attractive view, a view that seems to be 
irresistible to some? Microphysicalism appears to be persuasive because it 1s 
able to rationalize our explanatory practice. The sciences are highly successful 
at providing micro-explanations. We explain why chalk is white in terms 
of the possible energy states of the molecules that chalk consists of. The 
specific heat of a metal can be understood on the basis of the behaviour 
of the ions and the electrons, i.e. on the basis of the behaviour of its parts. 
The success of micro-explanation seems to be evidence for the truth of 
microphysicalism. 

The aim of this book is to question this link. My overall strategy — put in. 
a nutshell — is to agree with the microphysicalists’ claims on the success of 
micro-explanation but to reject the ontological conclusions they intend to 
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draw from these claims. A close look at how micro-explanation works, I 
will argue, reveals that such explanations not only fail to support micro- 
physicalism, they are rather evidence for its falsity. 

Microphysicalism is an ontological view —.a view that seems to be 
warranted by the success of micro-explanation. It is the thesis of this book 
that the success of micro-explanation does indeed commit us to certain 
ontological conclusions. For example, micro-explanation only works given 
a determination relation obtains between parts and wholes. But as a matter 
of fact it will turn out that parts and wholes determine each other mutually. 
Under the assumption that physics provides a complete description of the 
relation of parts and wholes we are forced to the conclusion that a mutual 
dependence of parts and wholes is all there is. A fortiori, there is no ontolo- 
gical priority of either the micro- or the macro-level, or so I will argue. 

Microphysicalism captures a lot of what I take to be the traditional 
materialistic intuitions, in particular the view that all macroscopic objects 
behave the way they do in virtue of something going on at the micro-level. 
The rejection of microphysicalism is therefore a substantive philosophical 
claim. However, it does not amount to a rejection of physicalism tout court. 
There are other brands of physicalism that are not committed to the views 
of the microphysicalist. 

Thus, microphysicalism should not be conflated with identity-physicalism. 
Identity-physicalism makes a claim about the identity of properties. One 
might, for instance, hold: ‘that physicalism is best conceived as a thesis of 
identity between conscious properties and material properties’ (Papineau 
1998: 373). Whereas microphysicalism focuses on the relation between 
parts and wholes, identity-physicalism concerns the relation of two kinds of 
properties of one and the same system. You can embrace identity-physicalism 
without subscribing to microphysicalism. The relation of parts and wholes 
and the relation between different kinds of properties of wholes are simply 
two separate issues. Therefore, our rejection of microphysicalism does not 
extend to identity-physicalism. One way of understanding the main point 
of this book is that one can buy into identity-physicalism while at the same 
time repudiating microphysicalism. 


Outline of the book 


Chapter | introduces various versions of microphysicalism: the theses of 
micro-determination, micro-government and micro-causation. According to 
micro-determination the behaviour or the properties of compound systems 
are determined by the behaviour or the properties of their constituents but 
not vice versa. According to the thesis of micro-government the laws of the 
micro-level govern the systems on the macro-levels. Micro-causation claims 
that causation takes place in virtue of the causation on the level of the 
(ultimate) parts. Furthermore I indicate how microphysicalism is related 
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to other philosophical issues and spell out the argument from micro- 
explanation to microphysicalism. Chapter 2 deals with the notion of a law 
of nature. It is of some importance for our inquiry because the explanation 
of macro-laws in terms of micro-/aws is at the heart of micro-explanation. 
Laws furthermore play a key role in the characterization of the 
microphysicalist’s ontological claims. Chapter 3 is at the heart of my argu- 
ment. It deals with micro-explanation and therefore provides the ground 
on which our discussion of ontological issues will take place. I will confine 
myself to an analysis of micro-explanations in physics. That seems to me the 
only discipline where we know enough about the relation between various 
levels to allow viable conclusions. On the basis of paradigmatic examples 
both from classical and quantum mechanics I will disentangle various 
notions of micro-explanation. I examine to what extent the microphysicalist’s 
conviction that micro-explanations are generally available is warranted. 
Finally I will discuss whether it is likely that we will ever come across 
phenomena or properties of compound systems that are recalcitrant with 
respect to micro-explanation — so-called emergent phenomena or properties. 
I argue that this is unlikely. Thus, I agree with the microphysicalists that 
micro-explanations are generally available (at least in the realm of physics). 
What I dispute is the conclusions they want to draw from this. 

Distinguishing various kinds of micro-explanation allows me to separate 
two aspects that play a role in the relation between the micro-level and 
the macro-level. That is what I will deal with in Chapter 4. I argue that the 
part—whole relation is central to the discussion of those philosophical prob- 
lems we are interested in. For too long the discussion has centred on the 
question whether there are reasons for the identification of, say, mental with 
physical properties. But such an identification on its own is philosophically 
less significant than might be expected. Having sorted out these issues we 
are in the position to make the microphysicalist’s theses more precise. 

Chapters 5 to 7 take up the theses of micro-determination, muicro- 
government and micro-causation. Chapter 5 starts with an investigation into 
what ontological presuppositions we have to accept in order to rationalize 
our successful explanatory practices. Does this practice vindicate the thesis 
of micro-determination? I agree with the microphysicalists that we have to 
presuppose a determination relation but it is not the kind of ontological 
relation they were looking for. In particular, this relation does not exhibit 
the kind of asymmetry the microphysicalist has hoped for. Parts and wholes 
determine each other mutually. 

Chapter 6 deals with the thesis of micro-government. It attempts to 
answer the question whether compound systems are governed by micro- 
laws. Assuming that the special sciences deal with certain kinds of com- 
pound systems — as opposed to microphysics — it thus deals with the question. 
whether there are genuine laws of the special sciences. I will distinguish 
various interpretations of ‘governing’. None of them can be vindicated 
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by the success of micro-explanation. This result, I will argue, allows for 
genuine laws of the special sciences. There are genuine laws of the special 
sciences because a necessary condition for a law to govern a system (in one 
sense) is its being instantiated. This condition is not met by the micro-laws 
as long as they pertain to systems that are subsystems of a compound 
system. 

Chapter 7 gives a similar argument for causation. I first sketch how 
causation might fit into the picture of laws and physical systems I have 
outlined thus far. I then argue that it is a necessary condition for something 
to be a cause that it is instantiated or actual, while it does the causing. This 
condition is met by the behaviour of compound systems but not by that 
of their parts. The moral of Chapters 5 to 7 is not only that the alleged 
evidence for microphysicalism fails to be substantive. The ontological 
presupposition of successful micro-explanations (mutual determination of 
parts and wholes) forces us to the conclusion that there is no ontological 
priority of either the macro-level or the micro-level. 

Finally, Chapter 8 evaluates to what extent other brands of physicalism 
(such as identity-physicalism) are affected by the arguments that have been 
mounted against microphysicalism. Furthermore, I will advocate pragmatic 
pluralism, an alternative to the view that the micro-level is ontologically 
privileged. 


Chapter | 


Microphysicalism 


In one of the fairy tales of the Brothers Grimm a pot of porridge boils over. 
It does not stop doing so until almost the whole town is covered in porridge. 
Even though we may not yet be in the position of explaining why a whole town 
can be covered by the content of a single pot of porridge we are — in principle 
— able to explain the boiling of porridge. We know that porridge is made up 
of, say, tiny porridge molecules that collectively constitute an admittedly 
rather viscous liquid. Sitting in the pot on the oven the kinetic energy of the 
molecules increases. Many-particle physics is able to describe this process. 
Eventually the process leads to a phase-transition of the first kind (boiling). 

This book is about what we might legitimately infer from explanations 
that refer to the micro-constituents of compound systems. It deals with the 
relation between parts and wholes, i.e. the relation between a compound 
system and the subsystems that constitute it. It is a book about how various 
levels of complexity are related. It is, therefore, a book about how we ought 
to understand the multilayered conception of reality. 


The multilayered conception of reality 


The water in a swimming pool is said to be transparent and to have a 
certain temperature, whereas its constituents, the water molecules, are not 
usually said to be either transparent or to have a certain temperature. A 
piece of copper is a good electrical conductor. The same is not true of single 
copper atoms. It is a property that pertains to the piece of copper as a 
whole. Similarly, sentient beings are able to perceive their surroundings, 
whereas the cells they are constituted of lack this ability. It is the observation 
that compound systems have properties and capacities that their constitu- 
ents lack that gives rise to the multilayered conception of reality. According 
to this conception reality is stratified in a hierarchy of levels such as the 
physical, the chemical, the biological, the neurophysiological, etc. Each of 
these levels is characterized through distinctive properties and capacities 
that are absent on lower levels. These properties and capacities are some- 
times said to ‘emerge’ on the level in question. 


6 Microphysicalism 


How does this conception compare with Cartesian dualism? Cartesian 
dualism maintains that the physical is characterized through the attribute 
of extension and the mental through the attribute of thinking. One might 
consider Cartesian dualism as a rather anaemic version of the multilayered 
conception of reality. However, besides the obvious, namely, that reality is 
not necessarily restricted to two layers, there is a further essential difference. 
It is the generally shared assumption that these levels or layers are hierarch- 
ically ordered in virtue of the part-whole relation. Putnam and Oppenheim, 
for instance, give a list of six layers that conform to the following criterion: 
‘Any thing of any level except the lowest must possess a decomposition into 
things belonging to the next lower level’ (Oppenheim and Putnam 1958: 9). 
Their list contains the following items: social groups, (multicellular) living 
things, cells, molecules, atoms, elementary particles. There are other lists, 
but at this point we are merely interested in the conception in general and 
will not bother with its details. The important point for our purposes is that 
the hierarchy of levels hinges entirely on the part—whole relation. 

Just as Cartesian dualism gave rise to the question how minds and bodies 
are related, and particularly how they interact, so the multilayered concep- 
tion of reality provokes a host of questions concerning the relations of these 
layers. In the words of Jaegwon Kim: 


Now we come to a crucial question: How are the characteristic properties 
of a given level related to the properties at the adjacent levels — in 
particular to those at the lower levels? How are biological (‘vital’) prop- 
erties related to psychochemical properties? How are consciousness 
and intentionality related to biological/physical properties? How are 
social phenomena, phenomena characteristic of social groups, related to 
phenomena involving individual members? As you will agree these are 
among the central questions of philosophy of science, metaphysics, and 
philosophy of mind. 

(Kim 1998: 16) 


These are indeed interesting questions. But will we be able to answer them? 
Within Cartesian dualism, for instance, it proved to be impossible to explic- 
ate the causal interaction between the mental and the physical, because the 
two layers were seen as having hardly anything in common. The situation is, 
however, radically different within the multilayered conception of reality. 
Compound systems can be decomposed into systems of the lower levels. By 
contrast the Cartesian mind was not thought to be decomposable into 
extended bits. The essential difference is thus that in our case the part-whole 
relation obtains between adjacent levels. Therefore, it is the part-whole 
relation towards which we ought to direct our attention for an understand- 
ing of the relation between these levels. 

I will confine myself to an analysis of the part-whole relation in physics. 
The reason is that it seems to be the only realm where we have the means of 
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analysing this relation in some detail. However, the analysis of the 
part—-whole relation in physics is not only of importance for our understand- 
ing of how various subdisciplines within physics are related to one another. 
Our views about this relation are constitutive of what we think about the 
relation of micro-behaviour and macro-behaviour in general. Furthermore 
our views concerning the part—-whole relation shape some of our ontological 
intuitions that play a significant role in other areas of philosophy, most 
importantly in the philosophy of mind. Thus, our investigation concerns the 
basis of some of our most prevalent ontological views. 

In this chapter I will first present an influential conception of how the 
adjacent levels of reality are related: microphysicalism. It provides an 
interpretation of the part—whole relation and a fortiori of the multilayered 
conception of reality. Furthermore, there will be a discussion of its significance 
for some questions in philosophy and an analysis of the argument that is 
usually appealed to in warranting microphysicalism. 


Microphysicalism 


We explain the properties of the macro-system (pot of porridge) on the basis 
of the properties of micro-constituents (the ‘porridge molecules’). It seems, 
therefore, that we know what is really going on. What happens at the macro- 
level is determined by what happens at the micro-level but not vice versa. The 
laws of the micro-level govern the systems on the macro-level. The constitu- 
ents on the micro-level are the real causal agents. It is the porridge molecules 
that bring about the phase-transition, i.e., the overboiling of the porridge. 

When one takes this view not only about porridge but also about 
compound systems in general one is an advocate of microphysicalism. As 
Jaegwon Kim put it in a related context 


The broad metaphysical conviction that underlies these proposals is the 
belief that ultimately the world — at least, the physical world — is the 
way it is because the micro-world is the way it is. 

(Kim 1984b: 100)! 


The microphysicalist core doctrine is the affirmation of an ontological 
priority of the micro-level. This claim comes along in different guises. I will 
discuss three of them: the thesis of micro-determination, the thesis of 
micro-government and that of micro-causation. According to the thesis of 
micro-determination the behaviour or the properties of compound systems 
are determined by the behaviour or the properties of their constituents 
and relations among them but not vice versa. According to the thesis of 
micro-government the laws of the micro-level govern the systems on the 
macro-levels. The thesis of micro-causation is true if all causation takes 
place in virtue of the causation on the level of the (ultimate) parts — on the 
micro-level. Macro-causation is entirely derivative and piggybacks on 
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the causation of the micro-constituents.* These characterizations of the 
microphysicalist’s claim are rather vague and very often the microphysicalists 
do not offer much to improve the situation. It will, therefore, be part of 
my inquiry in the following chapters to figure out both how these claims can 
be made more precise and how they are related. 

Microphysicalism or related views are held by a considerable number 
of philosophers. Micro-determination, for instance, i.e. the view that the 
behaviour of parts determines that of wholes but not vice versa, is usually 
presupposed by advocates of Humean supervenience (Lewis 1986b: ix—x) 
or mereological supervenience.’ Furthermore there are philosophers who 
defend microphysicalist theses more explicitly. One of these is Peter Smith. 
He adheres to 


a principle P, to the effect that the behaviour of wholes is in general 
causally produced by the behaviour of the parts. 
(Smith 1992: 25)* 


Jaegwon Kim advocates the thesis of micro-causation: 


In this global microdeterministic picture there is no place for irreduc- 
ible macrocausal relations. We expect any causal relation between 
two macroevents...to be micro-reductively explainable in terms of 
more fundamental causal processes, like any other facts involving 
macroproperties and events. 

(Kim 1984b: 97) 


Philip Pettit defines microphysicalism as follows: 


[Mlicrophysicalism . . . is the doctrine that actually (but not necessarily) 
everything non-microphysical is composed out of microphysical entities 
and is governed by microphysical laws. 

(Pettit 1994: 253) 


Elsewhere Pettit summarizes his position thus: 


The fundamentalism that the physicalist defends gives total hegemony, 
as we might say, to the microphysical order: it introduces the dictatorship 
of the proletariat. 

(Pettit 1993: 220-1) 


The important feature of microphysicalism is that the theses of micro- 
determination, micro-government and micro-causation are all meant to 
make explicit an ontological priority of the micro-level. It is this priority or 
hegemony that our discussion will have to focus on. 
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One might have expected that support for the dictatorship of the proletariat 
has waned in recent years. The natural question therefore is what makes 
it an attractive view? What makes people think the real causal agents are the 
parts of compound systems rather than the systems themselves? The answer 
to this question seems to be that it is the success of micro-explanation. 
Micro-explanation is the explanation of the properties on the macro-level 
on the basis of the properties of the micro-level.’ The explanation of the 
overboiling of the pot of porridge is an example for micro-explanation. Micro- 
explanation is a successful research strategy, we are told, and it is its success 
that ultimately seems to force us to the conclusion that causes at the macro- 
level, such as causes that involve porridge-behaviour, are causes only in virtue 
of the underlying molecular causes. Thus, David Papineau traces back the 
rise of physicalism to our ability to micro-explain ever more complex com- 
pound systems (Papineau 2001). Kim presents (micro-) physicalism as the 
best explanation for our successful micro-explanatory research strategy. 


In any event, it is useful to think of mereological supervenience and 
microdeterminism as constituting the metaphysical basis of the method 
of microreduction and microexplanation. By this I mean that the 
metaphysical doctrine rationalizes our microreductive proclivities by 
legitimitizing microreduction as a paradigm of scientific understanding 
and helping to explain why the microreductive method works as well as 
it does. 

(Kim 1984b: 102) 


Similarly, Robert Klee argues that our explanatory practice provides evidence 
for a uni-directional or hegemonic determination of the macro-level by the 
micro-level: 


Micro-explanation is powerful in virtue of the fact that when a level of 
organization within a system can be explained in terms of lower-levels 
of organization this must be because the lower-levels (i.e. the micro- 
properties) determine the higher-levels (i.e. the macro-properties). This 
is why micro-explanation makes sense — the direction of explanation 


recapitulates the direction of determination. 
(Klee 1984: 59-60) 


The significance of microphysicalism 


Microphysicalists adhere to the theses of micro-determination, micro- 
government or micro-causation. They believe that the properties of the 
parts determine the properties of the compound system, so as to establish 
hegemony of the micro-level over the macro-level. They believe that the 
laws that govern the micro-systems govern all kinds of macro-systems as 
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well, or they believe that the parts of compound systems are the causal 
agents in virtue of which all other causal relations hold (micro-causation). 
The claims of microphysicalism ought to be distinguished from other 
brands of physicalism. Physicalism, as Jaegwon Kim put it more recently, 
‘need not be, and should not be, identified with microphysicalism’ (Kim 
77 888: 117).° Identity-physicalism, for example, should not be conflated with 
microphysicalism. It makes a claim about the identity of properties. David 
Papineau, for instance, holds: ‘that physicalism is best conceived as a thesis 
of identity between conscious properties and material properties’ (Papineau 
1998: 373). Whereas microphysicalism focuses on the relation between 
“ parts and wholes, identity-physicalism concerns the relation of two kinds of 
‘properties of one and the same system. An identity-physicalist need not sub- 
scribe to microphysicalism.’ The relation of parts and wholes and the relation 
between different kinds of properties of wholes are separate issues. As I 
said, our focus will be the part-whole relation. 

There is one obvious problem that physicalists have to cope with, namely, 
the characterization of ‘physical’.* That, however, is not so much a problem 
in this context. The microphysicalists are in a better position than other 
physicalists. All they need is the part—whole relation. It is this relation that 
the various theses discussed in the previous section hinge on rather than a 
specification of ‘physical’.? 

Microphysicalism is closely related to other philosophical theses. I will 
briefly sketch some of these relations. 

Microphysicalism provides a decisive interpretation of the multilayered 
conception of reality. The properties on the macro-level, i.e. the properties 
of biological and neurophysiological systems or systems with mental states, 
are completely determined by microphysical properties. The microphysical 
laws govern the macro-systems. The causal relations among the macro- 
systems turn out to derive from those on the micro-level. Microphysicalism 
thus provides an ontological interpretation of the hierarchical structure of 
the many layers of reality. 

Given the multilayered conception of reality and presupposing micro- 
physicalism we are forced to accept a modest kind of unity of science. To 
quote Peter Smith again, (micro-)physicalism requires us to believe in 


a principle P, to the effect that the behaviour of wholes is in general 
causally produced by the behaviour of the parts so that our explanatory 
stories about wholes must be consonant with our stories about the causal 
mechanisms constituted by their parts. 

(Smith 1992: 25) 


Microphysicalism as an ontological view unifies all of nature by claiming 
that it is governed by microphysics. Such an ontological unity furthermore 
enforces the quest for unified descriptions of all of nature, at least in 
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the sense that it forces us to make these descriptions cohere with one 
another. 

Besides the hierarchical structure of the universe and the unity of science 
there are further views that tend to come along with microphysicalism. 
Among them is the so-called principle of causal closure of the physical or 
the microphysical. David Papineau defends it under the label of ‘the 
completeness of physics’: 


I take it that physics, unlike the other special sciences, is complete, in 
the sense that all physical events are determined, or have their chances 
determined, by prior physical events according to physical laws. In other 
words, we never need to look beyond the realm of the physical in 
order to identify a set of antecedents, which fixes the chances of any 
subsequent physical occurrence. 

(Papineau 1993: 16) 


If we assume that the closure principle applies to the micro-level we can see 
that it is a consequence of micro-causation. If all causation takes place in 
virtue of the causation on the micro-level we never need to look to any other 
level for those causes that determine or fix events on the micro-level. 
The converse implication is not true. Further assumptions are needed that 
exclude, for example, the possibility of various non-interacting causally 
closed levels. On the basis of these further assumptions the principle of 
causal closure may then be regarded as evidence for micro-causation and 
microphysicalism (Papineau 1993: 9-31). However, the causal closure 
principle cannot be taken as additional and independent evidence for 
microphysicalism over and above the evidence from the success of micro- 
explanation. After all, it is not a self-evident principle. It is precisely the 
success of micro-explanation that allows the principle of causal closure to 
look like a plausible principle in the first place. 

Microphysicalism in general and the causal closure principle in particular 
play an important role in the philosophy of mind. According to one 
argument it is required that genuine states have to come along with causal 
capacities of their own, i.e., causal capacities that are not explicable in terms 
of lower-level capacities. “To be real is to have causal powers’: Alexander's 
dictum, as it has been dubbed by Jaegwon Kim (Kim 1993b: 348). Given 
this criterion, no states with the exception of those on the micro-level will 
count as genuine, given the truth of micro-causation. 

To be more explicit, let me briefly present a similar kind of argument. 
Stephen Yablo has summarized it as follows (in order to be able to argue 
against it later): 


1 If an event x is causally sufficient for an event y, then no event x* 
distinct from x is causally relevant to y (exclusion). 
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2 For every physical event y, some physical event x is causally sufficient 
for y (physical determinism). 

3. For every physical event x and mental event x*, x is distinct from x* 
(dualism). 

4 So: for every physical event y, no mental event x* is causally relevant to 


y (epiphenomenalism). 
(Yablo 1992: 247-8) 


The first premise is meant to exclude causal overdetermination, i.e. the 
thesis that there are two independent and sufficient causes for one and the 
same event.'° The second premise states the causal closure or completeness 
of the microphysical. 

The above is an argument for the epiphenomenal character not only 
of mental causation but of biological, chemical and all kinds of other 
non-microphysical causation as well — given the truth of microphysicalism 
(van Gulick 1992: 325). If the above argument were to work, all the layers 
with the exception of the fundamental would have to be causally inert, i.e. 
they on their own would have to be incapable of causing. Even though 
chemical and mental causation are on a par in this respect we surely care 
more about mental causation than other types of causation simply because 
it concerns us. If mental causation is entirely derivative our conception 
of ourselves needs to be reinterpreted in accordance with microphysical- 
ism. If we, for example, take our beliefs to be physically realized then the 
process of reasoning ought to be considered the causing of one belief 
by another belief. Given the truth of microphysicalism it is the parts on 
the micro-level that ultimately determine which thought comes next. A 
plausible story needs to be told that accommodates the impression that 
we — as opposed to the parts we are made of — do the thinking. Similarly, 
if the causal relations on the micro-level turn out to be those that serve as 
the basis for all other causal relations a plausible story needs to be told 
how higher-level processes like taking decisions can have any bearing 
on what is going on. On most accounts of action — as opposed to mere 
behaviour — mental states are supposed to play some sort of a causal 
role.'!' We seem to be very much in the same position that we would be in 
if some kind of astrological theory were true. In both cases the real causal 
agents are entities that we seem to be unable to influence. It is them rather 
than us that are made responsible for what we are doing. (For a similar 
argument see Kim 1998: 31.) Finally, if mental states turn out to be causally 
inert we have to reinterpret the notion of mentally caused diseases. All 
diseases are equally caused micro-physically. My point is not that these 
accounts cannot be given. I rather want to indicate to what extent micro- 
physicalism affects our conception of ourselves and our conception of real- 
ity in general. 
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Analysis of the argument for microphysicalism 


Let us now turn to the argument for microphysicalism. I will point to some 
of its presuppositions and problems so as to pave the way for the remainder 
of this book. The following analysis is, thus, not meant to be the final 
word on the argument for microphysicalism but it is meant to motivate the 
structure and argument of what follows. 

It has already been pointed out that the success of micro-explanation 
is usually taken to be the main argument for the truth of microphysicalism. 
We will have to analyse to what extent this explanatory practice does 
indeed warrant the theses of micro-determination, micro-government 
and micro-causation. I will start with an analysis of the argument for 
micro-determination. 

What are the presuppositions and premises of the argument leading from 
micro-explanation to micro-determination? 


(1) The first and most obvious presupposition we have to examine is the 
general availability of micro-explanations. In order for microphysicalism 
to be supported by the success of micro-explanations the latter have to be — 
at least in principle — generally available. Since microphysicalism and 
micro-determination in particular are general theses there should not be any 
counter-examples of systems that are recalcitrant with respect to micro- 
explanation; there should not be a single example of emergent behaviour. 
But aren’t there well-known counter-examples to micro-explanation? It 
is usually argued that quantum mechanics can provide them. Thus, Tim 
Maudlin claims in a recent paper: 


In quantum theory, then, the physical state of a complex whole cannot 
always be reduced to those of its parts, or to those of its parts together 
with their spatio-temporal relations, even when the parts inhabit distinct 


regions of space. 
(Maudlin 1998: 55; similarly, Redhead 1990) 


For the argument leading from micro-explanation to micro-determination 
to become convincing, it needs to be spelt out exactly what kind of evidence 
we have for its alleged success and how to deal with the case of the entangle- 
ment of quantum states. 

The analysis of micro-explanation is of some importance for the inter- 
pretation of the metaphors that the microphysicalists use in their theses. 
It restricts the range of candidates for an interpretation of ‘determination’ 
and ‘government’. These terms have to be explicated so as to make 
clear that micro-explanation could be evidence for the microphysicalists’ 
theses. 
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(2) Klee and Kim argue that the success of micro-explanation entails 
micro-determination, where micro-determination is an ontological relation 
that obtains in nature. Such a conclusion relies on what has been called 
explanatory realism. Explanatory realism is the view that some ontological 
relation has to obtain in nature in order to make explanations work. For the 
argument leading from micro-explanation to micro-determination to work 
it has to be shown that micro-explanations cannot be provided unless there 
is an underlying ontological relation. 


(3) Given that some kind of explanatory realism is true the next question 
we have to tackle is the exact nature of the underlying determination rela- 
tion. Should we think of the determination of the higher levels by the lower 
levels as a nomological relation — a relation that ultimately relies on laws 
of nature? Or should we rather believe that the behaviour of the whole is 
caused by the behaviour of the parts, as Peter Smith has it in the passage 
quoted at the outset? Or is no extra fact needed in order to explain why 
micro-determination obtains, as Philip Pettit has suggested (Pettit 1995)? 
The question is exactly what kind of determination relation is licensed, 
given the success of micro-explanation and the truth of explanatory 
realism. 

An inquiry into the nature of the determination relation will shed some 
light on another question that one has to ask: Is the determination relation 
that is at stake uni-directional or hegemonic (does it give rise to an ontolo- 
gical priority of the micro-level), as it ought to be for microphysicalism 
to be true? If it were not an hegemonic determination relation, none of the 
relata, neither the parts nor the whole, would be privileged. 


(4) On behalf of the thesis of micro-government a similar argument to that 
in the case of micro-determination can be made. The success of explaining 
the laws that govern the macro-systems in terms of the laws that govern the 
micro-systems may be used as evidence for the thesis of micro-government. 
It gives rise to the same kind of questions as the argument for micro- 
determination. The details of the argument as well as the question whether 
‘government’? means anything over and above determination, depend 
crucially on how ‘government by laws of nature’ is spelt out. Different 
readings have to be envisaged. 


(5) Let me now turn te the argument for micro-causation, i.e. the view that 
all genuine causation takes place on the level of the fundamental parts. 
What is presupposed is that once we have shown that the behaviour of 
the parts determines the behaviour of the compound system the same can be 
assumed for the causal relations that obtain at the macro-level and the 
micro-level. Thus Kim maintains: 
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If the causal relation is backed up by a law relating F and G [two 
macroproperties], we would expect this macrolaw to be microreducible. 
. If the causal relation is at bottom just some kind of counterfactual 
dependency, then the macrocounterfactual ‘If x had not been F, y 
would not have been G’ should be grounded in some lawlike connection 
involving microproperties associated with x and y in relation to F and 
G; or else, there should be some basic counterfactual dependencies 
involving microconstituents of x and y that can explain the counter- 

factual dependency between F and G. 
(Kim 1984b: 97) 


What is intimated here is that independent of whether causation is to be 
analysed in terms of laws or counterfactuals, given the truth of micro- 
determination, it is also true that causal relations at the macro-level are 
determined by the causal relations on the micro-level. It has to be checked 
whether or not this is a valid inference. 


(6) The thesis of micro-causation does not only claim that micro-causal 
relations determine macro-causal relations. Determination might be a 
symmetrical relation. It is furthermore argued that the causal relations on 
the macro-level hold in virtue of those on the micro-level, but not vice versa. 
Otherwise there is no ontological priority of the micro-level. So what 
we have to look for is whether there is an argument to the effect that 
the relation between causation on the micro-level and causation on the 
macro-level is hegemonic. 


(7) Given the multilayered conception of nature the truth of micro-causation 
would be in danger if there were no ultimate micro-level. The causal work is 
delegated to the fundamental level, but what if there is no such level? It seems 
that micro-causation disappears entirely in an infinite well of ever more 
fundamental levels if this is a real possibility (Block 1990: 168, n. 9). Micro- 
physicalism is thus obliged to postulate a lowest level that does all the work 
(the proletariat). Even though this is an important issue, I will not discuss 
it in this book. Such a discussion would amount to physical speculation. Be 
that as it may, the tenability of the microphysicalist’s interpretation of the 
multilayered conception of reality is tied to there being such an ultimate 
level. In contrast, someone who denies the theses of micro-determinism, 
micro-government and micro-causation can live with both options. 


In the next chapter I will sketch an account of laws of nature, because 
some of the arguments in the remainder of the book depend on the particular 
features of this account. Subsequently I will move to the issues just men- 
tioned (1-7), and start with the analysis of micro-explanation. 


Chapter 2 


Laws of nature 


The notion of a law of nature is central for our enterprise. First, one of the 
readings of the microphysicalists’ thesis concerns laws of nature explicitly. 
Second, micro-explanation as analysed in the next chapter is essentially the 
explanation of /aws that pertain to compounds in terms of laws that pertain 
to constituents. The main argument of the following chapters does not depend 
on any particular view on laws of nature. All that I need is the distinction 
between constants, states and laws of nature. However, in Chapters 6 and 7 
I will make use of a feature of laws of nature that is not yet generally 
acknowledged. Laws of nature can be explanatory even though they are not 
instantiated, i.e. even though the behaviour they describe is not (completely) 
manifest. This feature has been accommodated by dispositionalist theories 
of laws of nature. I will now sketch such an account. 


Explanation, manifestation and instantiation 


According to Galileo, in a vacuum all bodies fall with the same speed. Here 
is how Salviati, Galileo’s spokesman, argued for this claim: 


We have already seen that the difference of speed between bodies of dif- 
ferent specific gravities is most marked in those media which are the most 
resistant: thus, in a medium of quicksilver, gold not merely sinks more 
rapidly than lead but it is the only substance that will descend at all; all 
other metals and stones rise to the surface and float. On the other hand 
the variation of speed in air between balls of gold, lead, copper, porphyry, 
and other heavy materials is so slight that in a fall of 100 cubits a ball of 
gold would surely not outstrip one of copper by as much as four fingers. 
Having observed this I came to the conclusion that in a medium totally 
devoid of resistance all bodies would fall with the same speed. 
(Galileo 1954: 71—2) 


There are at least two noteworthy features of Salviati’s argument (for an 
analysis, see Bartels 2000). First, the law according to which all bodies fall 
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with the same speed concerns a situation that is not realized. Second, 
there appears to be some kind of continuity between the actual and the 
counterfactual. Salviati is able to provide evidence for what would happen if 
the vacuum were realized even though it is not. The historian of ideas Amos 
Funkenstein has emphasized that this commensurability of the actual and 
the counterfactual was a new and characteristic feature of early modern 
physics (Funkenstein 1986: 152-79). 

Let me turn to the issue of non-realization first. The law in question 
concerns the behaviour of a system under very special circumstances. 
It pertains to bodies falling in a vacuum. The question is not so much 
whether this situation ever gets realized. The point is rather that for the law 
to be established it does not seem to be necessary that it ever is. 

This situation is typical of many laws. The law that hydrogen 
atoms behave according to Schrédinger’s equation with the Coulomb- 
potential is valid in case there are no magnetic or electric fields. Newton’s 
law of gravitation describes the behaviour of heavy bodies as long as 
there are no charges and no electromagnetic fields. Crystals have a certain 
specific heat, given there are no disturbing factors such as impurities. For 
the testing of these laws it is not necessary that the relevant conditions ever 
obtain. 

Similarly, these laws can be explanatorily useful even though the relevant 
conditions are not realized. In the presence of an electromagnetic field 
Newton’s law of gravitation may nevertheless be part of an explanation of 
the behaviour of a physical system. An explanation that relies on the law of 
gravitation does not presuppose that the behaviour the law describes is 
completely manifest. 

The behaviour that laws of nature attribute to physical or other systems is 
in general not manifest under all conditions. It is manifest under certain 
conditions only. As long as these conditions are not realized, laws of nature “ 
are counterfactual claims. In physics these ascriptions typically concern 
systems in isolation, i.e. in the absence of disturbing factors. Another way of 
putting the same point is the observation that laws are often ceteris paribus 
laws. If all else is equal, 1.e. if the relevant conditions are realized, the regular 
behaviour in question will be observed. So laws of nature describe how 
physical systems would behave if the systems were isolated, or if other ideal 
conditions were to obtain. 

It is sometimes argued that laws of nature cannot be ceteris paribus 
laws, because if they were, they would be immune to empirical testing. 
It would always be possible to claim that the relevant conditions are not 
realized if an attempt to verify the law in question fails. This objection 
assumes that laws can only be tested by, and can only be explanatorily 
relevant for, the regularities that are implied by the laws, 1.e., it is assumed 
that laws can only be tested or explanatorily useful if the manifestation 
conditions are realized. 
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I take it that it is simply a fact about the science we have that, first, its 
laws describe ideal situations and, second, these laws can nevertheless be 
tested in and are explanatorily relevant to less than ideal situations. 

In Chapters 6 and 7 I will use the notion of instantiation to refer to the 
observation just made. A Jaw is instantiated if the behaviour it attributes to 
a physical system is completely manifested by the system. The notion of 
instantiation piggybacks on that of manifestation. The behaviour of a physical 
system may be or may not be manifest. A law of nature describes this 
behaviour. The law may be instantiated (if the relevant behaviour is mani- 
fest) or it may fail to be instantiated (if the relevant behaviour fails to be 
completely manifest). Instantiation is an all-or-nothing affair because I have 
defined it in terms of complete manifestation. A gas that behaves accord- 
ing to the van der Waals equation does not instantiate the ideal gas law, 
according to which gases behave in accordance with the equation pV = RT. 
A hydrogen atom that is placed in an external magnetic field does not 
instantiate the law that hydrogen atoms behave according to Schrédinger’s 
equation with the Coulomb-potential. This law is not instantiated because 
the hydrogen atoms fail to behave according to what the law says, owing to 
the presence of the magnetic field that serves as a disturbing factor. The 
instantiation of a law of nature requires that the behaviour of the system in 
question is completely manifest. This can only be the case if the system is 
isolated, i.e. in the absence of disturbing factors. For a law to be instantiated 
by a system S it is therefore a necessary condition that S is isolated. 

Given the notion of instantiation the relevant point for our later arguments 
is this: Laws of nature can be explanatory even though they are not 
instantiated (even though the behaviour the laws describe is not completely 
manifest).! 


Laws and dispositions 


The challenge for the law theorist is to explain how it is possible that laws 
can be tested as well as explanatorily relevant even though they are not 
instantiated, i.e. even though the behaviour they describe is not manifest in 
the strict sense. 

Cartwright’s idea is that the introduction of what she calls ‘capacities’ 
rationalizes our scientific practice. 


When... disturbances are absent the factor manifests its power 
explicitly in its behaviour. When nothing else is going on, you can see 
what tendencies a factor has by looking at what it does. This tells you 
something about what will happen in very different, mixed circumstances 
— but only if you assume that the factor has a fixed capacity that it 
carries with it from situation to situation. 

(Cartwright 1989: 191) 
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Something carries over from the ideal to the less than ideal. It is present and 
manifest under ideal circumstances. It is present but fails to be manifest in 
less than ideal circumstances. 

Properties of systems that become manifest only given certain conditions 
are dispositional properties as opposed to categorical or occurrent properties. 
The latter properties are manifest under all circumstances. Solubility and 
fragility are dispositional properties. The systems in question have these dis- 
positional properties under all circumstances but they become manifest only 
given certain manifestation or enabling conditions. 

Thus, if we want to understand why ceteris paribus laws can be tested in, 
and are explanatorily relevant for, non-ideal situations we have to assume 
that something carries over. The systems in question have dispositional prop- 
erties. This is Cartwright’s argument for dispositions (or capacities). Put 
differently: If one thinks that laws of nature are explanatorily relevant only 
for those situations in which the regularities implied by the laws actually 
obtain, the use scientists make of these laws cannot be explained. It is only 
if what the law says somehow carries over from the ideal to the less than 
ideal that sense can be made of the scientific practice as illustrated by Salviati. 
The assumption of dispositions is the best explanation of these Salviatian or 
Galilean features of our scientific practice.’ 


Continuously manifestable dispositions 


Let us have a closer look at this argument. The first thing to note is that not 
all dispositions will do the work the carrying-over argument supposes them 
to do. Dispositions ought to explain how laws that describe the behaviour 
of systems under ideal circumstances can be tested in and be explanatorily 
relevant for less than ideal situations. However, if a disposition fails to be 
partially manifest in less than ideal situations then it will be of no help. If 
the disposition’s manifestation is an all-or-nothing affair it is impossible to 
attain empirical evidence about what will happen under ideal circumstances 
on the basis of the mere presence of the disposition. I will call such disposi- 
tions discontinuously manifestable dispositions (DMDs). Now, in the case 
of a DMD, even if it is true that it carries over from the ideal to the less than 
ideal, it will explain neither how we can test the ideal in non-ideal situations 
nor the explanatory relevance of the ideal for the less than ideal. The reason 
is, that DMDs are empirically inaccessible as long as the ideal circumstances 
are not realized. Fragility is an example of a DMD. A thing 1s either broken 
or it is not; fragility cannot be partially manifest. 

Not all dispositions are discontinuously manifest. Continuously manifest 
dispositions (CMDs) allow for partial realizations. If the partial realizations 
are continuously ordered they allow for extrapolation. Here is an example. 
It illustrates how one might get evidence for dispositions even though they 
are not completely manifest. 
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Lithium fluoride is a crystal. Its specific heat can be expressed as follows: 
cy = (12/5) x*nk,(T/05)° 


where cy is the specific heat, if the volume is kept constant, n is the 
phonon-density, k, the Boltzmann constant, T the temperature and 0, the 
Debye-temperature, with 05 = 730 K. 

The law attributes a behaviour to the crystal in case there are no impur- 
ities that might work as disturbing factors. Even if this is a disposition 
that will never be completely manifest we might nevertheless get empirical 
evidence for the disposition’s obtaining. We may proceed as follows: First 
collect a few samples of impure lithium fluoride crystals. With the help of 
spectroscopic investigations and other means we will be able to find out the 
amount of impurities in the samples. We can therefore order them according 
to the degree that the manifestation condition for the disposition is realized. 
The fewer the impurities, the more the relevant condition is realized. If we 
measure the specific heat of all of these samples, we are able to extrapolate 
to the behaviour of the pure system as the limiting case. What is essential is 
that the disposition is partially manifest in the non-ideal situation and that 
the transition from the less than ideal to the ideal is continuous so as to 
allow for extrapolation. 

The falling objects in a vacuum as discussed by Salviati provide another 
example of a CMD. The thinner the medium, that is, the closer we approach 
the ideal condition, the more the behaviour in question becomes manifest. 
Given such a continuity we can accumulate evidence for what would happen 
if the ideal circumstances were realized even if they never actually are. The 
partial manifestations of the disposition allows for an extrapolation to the 
ideal situation under the assumption of a continuity between partial and 
complete manifestation. If the disposition is supposed to explain how the 
testing of the behaviour of a system under ideal conditions is possible in less 
than ideal situations we have to assume that it is a CMD rather than a 
DMD. 

CMDs as opposed to DMDs not only allow for extrapolation when it 
comes to testing. It is only if the disposition in question is a CMD rather 
than a DMD that the counterfactual or ideal situation is of any explanatory 
interest for the actual or less than ideal situations. 

The fact that an object is fragile (DMD) does not tell us anything 
about the behaviour of an object as long as the manifestation conditions for 
fragility aren’t realized, even though the disposition carries over from the 
ideal to the less than ideal situation. In contrast what we know about 
the behaviour of falling bodies in a vacuum does help us, for example, to 
explain and to predict the behaviour of falling bodies in a medium. 

The having of dispositions implies that something carries over from the 
ideal to the non-ideal. What is constant across the various conditions is the 
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dispositional property. However, it is only in the case of CMDs, i.e. dis- 
positions that are partially manifest in non-ideal situations, that this fact can 
be exploited in prediction, explanation, etc. In the case of DMDs, such as 
fragility, the carrying over has no implication for prediction or explanation 
of the behaviour of the system in less than ideal situations. 

Galileo’s law of free-falling bodies describes the behaviour of objects in a 
vacuum. His argument assumes these objects to have CMDs. On the basis 
of such a CMD we can explain or predict the behaviour of falling bodies in 
a medium, given that we are able to calculate how the disturbing factor, the 
medium, affects the falling body. 

Let me close this section by some remarks on the notion of ‘continuity’. It 
is not meant to imply that the manifestation of a disposition is a process that 
takes some time. I do not deny that there might be such manifestation 
processes, but what I am interested in is manifestation as the product of 
such a process. In the case of CMDs these products will be either complete 
or partial manifestations depending on the extent to which the conditions 
in question were favourable. Partial manifestations in this product sense 
mediate between dispositions that completely fail to be manifest and those 
that are completely manifest. 

That leaves us with the question of what kind of continuity there is 
between the ideal and the non-ideal. In the case Salviati describes continuity 
is simply assumed. It is assumed that nothing spectacular is going to happen 
if the vacuum condition is reached. If we have a complete description of the 
medium (or other disturbing factors) continuity is not just a mere assumption. 
Given such a description we can consider the medium plus the falling body 
as a compound system and provide a complete account of its behaviour. 
There are laws of composition that tell us how disturbing factors affect the 
behaviour of a physical system. These laws of composition will also tell us 
what is going to happen if a medium is replaced by a thinner medium. 
(There will be more on laws of composition in the next chapter.) So if we 
have a complete description of all the relevant factors, the laws of composi- 
tion are what provide the basis for a quantitative account of the continuity 
between the non-ideal and the ideal situation. 


What is explained by the assumption of CMDs? 


CMDs have to be assumed in order to rationalize our testing and explan- 
atory procedures. Their assumption is the best explanation of the success of 
certain features of our scientific practice. 

In the philosophy of science dispositions do not have the best reputation. 
They are often associated with occult qualities of pre-seventeenth-century 
natural philosophy. With respect to the explanation of regular behaviour 
of physical objects a three-step development from the scholastics to the 
twentieth century seems to have taken place. Roughly speaking, the picture 
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is as follows: Before the seventeenth century the manifest behaviour of 
physical systems was explained with recourse to the essences or natures of 
the systems in question. These essences or natures had certain capacities or 
dispositions to bring something about. So in a sense these dispositions were 
posited in order to provide causal explanations of the manifest behaviour of 
physical systems. In the seventeenth century this conception was given up. 
Physical systems were no longer thought to have dispositions or capacities. 
It was rather laws of nature that philosophers appealed to in the explanation 
of observed behaviour. These laws in turn were explained in terms of God’s 
activity or in terms of the activity of created spiritual or mental substances 
(plastic natures, monads). In the twentieth century the behaviour of physical 
systems is still explained in terms of laws of nature but these are no longer 
thought to be grounded in something else. Ultimately it is a brute fact that 
certain systems behave according to certain laws. The laws themselves need 
no explanation in terms of God’s activity or in terms of the capacities and 
dispositions of the scholastics. 

The introduction of CMDs appears to be a fallback to pre-Cartesian 
times. It looks as though CMDs give a causal explanation of why physical 
systems manifest a certain behaviour. Dispositions (or capacities) as causes 
are, for instance, suggested by some of Cartwright’s remarks. She describes 
natures and capacities as trying to bring about an effect (Cartwright 1999: 28 
and 66). It was this kind of explanatory strategy that Moliére had in mind 
in his play Le Malade imaginaire. One of the characters explains the sleep- 
inducing capacity of opium by attributing a virtus dormitiva to the drug. 
Moliére ridicules this kind of explanation because it is a trivial explanation. 
To call the cause of the falling asleep the virtus dormitiva is not an informative 
answer. 

The important point is that CMDs as introduced by the carrying-over argu- 
ment are not of the same kind as the virtus dormitiva. The explanandum 
of a CMD is not the manifestation of the disposition of a physical system. 
In fact, it is often the case that these dispositions fail to be perfectly realized. 
In these cases the alleged explanandum does not even exist. CMDs are not 
introduced as causes of their manifestations. 

What CMDs explain is features of scientific practice. This is why we had 
to assume that laws of nature describe dispositions rather than occurrent 
properties of physical systems. CMDs explain why we are allowed to 
extrapolate from less than ideal to ideal circumstances. They explain why 
the ideal circumstances are explanatorily relevant for less than ideal situations. 
They explain why in experimentation we are interested in placing physical 
systems in certain surroundings rather than others. We assume that they 
possess dispositions that become manifest under these and not under other 
experimental conditions. 

The disposition of lithium crystals to manifest a certain specific heat (given 
there are no impurities and the crystal is isolated) does not explain why 
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lithium has the specific heat cy = (12/5)n*nk,(7/60})* rather than another. 
This remains a brute fact (unless it can be micro-explained). What the CMD 
explains is why this specific heat can be measured even though it is only 
partially manifest. It explains why we are interested in measuring the beha- 
viour of crystals that are as pure as possible. It explains why the law in 
question can be used to explain the behaviour of impure lithium crystals. 
Furthermore, CMDs help to understand causation, as I will elaborate in 
Chapter 7. 


Conclusion 


The arguments to follow depend to various degrees on what I have pre- 
sented in this chapter. As already mentioned, the bulk of the book does not 
presuppose any particular notion of a law as long as the distinction between 
constants, states and laws that pertain to physical systems is acknowledged. 
Some of the arguments in Chapters 6 and 7 depend on the observation 
I made on pp. 16-18: Laws of nature can be explanatory even though they 
are not instantiated (even though the behaviour described by the laws is not 
completely manifest). Finally there will be an account of causation in Chap- 
ter 7 that presupposes the explanation I have provided for the observation just 
mentioned. The theory of causation I will develop assumes laws of nature to 
attribute dispositions to physical systems as sketched on pp. 18-23. 


Chapter 3 


Micro-explanation 


In my mother’s opinion a husband deserved unquestionable loyalty, and 
unreserved, full-hearted love. But there was a difficulty: Amina, her mind 
clogged up with Nadir Khan and insomnia, found she couldn’t naturally 
provide Ahmed Sinai with these things. And so, bringing her gift of 
assiduity to bear, she began to train herself to love him. To do this she 
divided him, mentally, into every single one of his component parts, phys- 
ical as well as behavioural, compartmentalizing him into lips and verbal 
tics and prejudices and the like... she resolved to fall in love with her 
husband bit by bit. 

(Salman Rushdie, Midnight's Children) 


Micro-explanation is the explanation of the behaviour of macro-systems 
in terms of the behaviour of their micro-constituents. As elaborated in 
Chapter | its success is taken by microphysicalists to provide an argument 
for micro-determination, micro-government and micro-causation. In the 
first part of the present chapter I will distinguish various kinds of micro- 
explanation, in particular those that pertain to the part-whole relation from 
those that concern the relation of two properties of the same system. Given 
that micro-explanation is taken to support (micro)physicalism it is import- 
ant to disentangle these forms of explanation. Whereas micro-explanation 
concerning the part—-whole relation ought to be taken to provide evidence 
for microphysicalism, micro-explanation that relates two properties of the 
same system may be taken to lend support to identity-physicalism. Running 
together different forms of micro-explanation seems to be one of the reasons 
for the failure to distinguish microphysicalism and identity-physicalism. 

In the second part of the chapter I will investigate to what extent 
microphysicalists can be vindicated in their belief that every physical system’s 
behaviour can be micro-explained. 


Distinctions 


The behaviour of a physical system can be split up into the state of the 
system, its constants and the /aw that pertains to it (e.g. Hughes 1989: 57-8). 
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The quantities of a physical system are either constant or may vary with 
time. If we take the example of a single classical particle we can distinguish 
the constants — in this case the mass — and the changing quantities such as 
position or momentum. The values of the varying quantities at a particular 
time are called the state of the physical system at this time. The constants 
and the state of a system do not determine the complete system’s behaviour. 
There are furthermore the laws that describe the connections between the 
various quantities involved and they describe how the state of the system 
develops in time. 

The explanation of the behaviour of a macro-system in terms of the beha- 
viour of the micro-systems may concern the state of a compound system or 
its behaviour in so far as a law can describe it. Thus, we may be interested to 
know whether the state of a compound system can be explained in terms of 
the states of its constituents. Another question concerns the Jaws involved. 
Is it possible to explain the /aw that describes the behaviour of a compound 
system in terms of the Jaws that describe the constituent systems?! The 
distinction between the micro-explanation of states and micro-explanation 
of laws is the first distinction to consider. 

A second distinction concerns the difference between the explanation of 
a macro-property’ in terms of what is sometimes called a micro-based prop- 
erty on the one hand, and the explanation of the property of a compound 
system in terms of the behaviour of its constituents on the other.’ The 
explanation of a macro-property or the macro-behaviour of a system in 
terms of a micro-based property or the micro-based behaviour of the system 
concerns two properties or two kinds of behaviour of the same system. We 
might, for instance, be interested in the transparency of a particular solid 
or the liquidity of porridge. We might explain these properties by referring 
to the microstructure of the solid or the porridge. Similarly we might want 
to explain the fact that a sample of gas has a certain temperature in terms of 
its mean kinetic energy. In all these cases the macro-behaviour is explained 
in terms of the micro-based behaviour. This kind of explanation concerns 
two properties or two kinds of behaviour of the same system. Often the 
respective properties are described in terms of different theories and are 
then said to be linked by bridge-laws. Thus, an ideal gas can be described 
both by thermodynamics and by statistical mechanics. Both theories 
attribute certain properties to an ideal gas and we might well ask how these 
properties that the different theories attribute to the gas are related to one 
another. Theories of mind and neurophysiological theories both describe 
our pain-behaviour. We might ask how pain, a mental property, is related 
to the firing of C-fibres, a neurophysiological property. 

Micro-explanation in this sense, if successful, provides an explanation of 
why bridge-laws hold, why a system with a certain microstructure gives rise 
to a certain temperature or to the transparency of the sample. Successful 
micro-explanations in this sense explain why the firing of C-fibres gives rise 
to pain (see Figure 3.1). 
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Property P|: macro-property: amet Property P,: micro-based 
transparency, liquidity P property: microstructure of 
the solid or liquid 
System S 


Micro-explanations of the first kind concern the relation of Property P, and Property P,, both of 
which are properties of the same system S. 


Figure 3.1 


This kind of micro-explanation has to be distinguished from part—whole 
explanations. Take the following example. Before the general theory of 
relativity, compound physical systems were thought to have two distinct 
properties: gravitational mass and inertial mass. These were thought to be 
properties of one and the same system (though neither of them can reasonably 
be thought of as a micro-based property if compared to the other). With 
respect to these properties we might be interested in how they are related (as 
before), for example, whether they co-vary. However, besides this question 
we might be interested in a further one. How is the gravitational mass of the 
compound system related to the gravitational mass of its constituents? There 
is a law that tells us and it is non-trivial.* This question does not concern 
the relation of two properties of the same system but rather the relation 
between a property of a compound and the properties of the constituents. 
Micro-explanation in this sense is the attempt to understand nature bit by 
bit. Similarly we might ask how the micro-based behaviour of the solid that 
gives rise to the solid being transparent does in turn depend on the properties 
of the constituents. The micro-based property is a property of the compound 
system somehow depending on the properties of the constituents. This, again, 
concerns the part-whole relation and not the relation of two properties 
of the same system. Again, we might try to explain the firing of the C-fibres 
in terms of the behaviour of the constituents of the C-fibres. So there is, 
first, the question of how the mental and the neurophysiological properties 
are related. Is it possible to explain the mental property in terms of the 
neurophysiological property? Then there is, second, the question how the 
neurophysiological property, the firing of the C-fibres, can be explained in 
terms of the constituents of the C-fibres. This latter question is a question 
about parts and wholes (see Figure 3.2). 

The case of temperature and mean kinetic energy is a little different 
because the mean kinetic energy of, say, a sample of gas is defined to be the 
(weighted) sum of the kinetic energies of the molecules. Let us, for the sake 
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Property P: micro-based property: microstructure of the solid 
or liquid 


System S explanation 


oS, 4 Properties pj, ...p, of the constituents of S 


Constituents of S 


Part-whole-micro-explanations concern the relation of the Properties pj), . . . p, of the parts or 
constituents of system S to a property of the whole, i.e. a property of S. 


Figure 3.2 


of the argument, assume it is an empirical matter, as in the case of mass. 
Then, again, we have two questions that we ought to distinguish. 


1 Is it possible to explain why an ideal gas with a certain mean kinetic 
energy W,,, has a certain temperature T? 

2 Is it possible to explain why an ideal gas has a certain mean kinetic 
energy W,,, on the basis of the behaviour of the molecules of the gas? 


Question (1) concerns two kinds of behaviour of the same system, namely of 
the ideal gas as a whole. It is the question why a system that has a certain 
kinetic energy at the same time also has a certain temperature. In other 
words, question (1) asks for an explanation of a correspondence rule or a 
bridge-law. Question (2), on the other hand, concerns the relation between 
the behaviour of the components or parts of the ideal gas and the behaviour 
of the ideal gas as a whole. It concerns the question how the individual 
kinetic energies add up to the kinetic energy of the whole. Figure 3.3 illu- 
strates the two different kinds of questions (and, correspondingly, the different 
kinds of explanation they ask for) (see Figure 3.3). 

System S has property M (pain, temperature) as well as property P 
(C-fibre firing, mean kinetic energy). Question (1) asks for an explanation of 
S’s having M in terms of S’s having P. Question (2) asks for an explanation 
of S’s having P (mean kinetic energy, C-fibre firing) in terms of the properties 
D1, P>, p;, etc. of the constituents of S (kinetic energies of the molecules of S, 
properties of the constituents of the C-fibres). 


ee 


’ 
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Macro-property M of system S <== Micro-based Property P of system S 
(a) 


(b) 


Properties p), p2, p3 of the constituents of system S 


Question/explanation (a) concerns two properties of the same system. 

Question/explanation (b) concerns relation between properties of components (p; p2 p:) of S and 
property P of S. 

The arrows indicate the direction of explanation. 


Figure 3.3 


The distinction between these two kinds of questions and a fortiori 
between the ensuing two kinds of micro-explanation is of considerable 
importance for our project. The microphysicalists’ claims, i.e. the theses 
of micro-determination, micro-government and micro-causation, crucially 
depend on whether the micro—macro relation is read as concerning bridge- 
principles or the part-whole relation. Interpreting the micro—macro relation 
as a relation between properties of the same system gives rise to claims that 
are completely different from claims arising from an interpretation of the 
micro—macro relation in terms of the part-whole relation. According to the 
first reading micro-explanation might be taken to support identity-physicalism 
whereas the second reading is relevant for microphysicalism. Separating 
these claims will be the topic of Chapter 4. 

Returning to the distinctions I draw at the beginning of this section 
we can combine the two, which yields altogether four kinds of micro- 
explanation. We have the explanation of the properties of one system in 
terms of other properties of the same system. Such an explanation may 
either concern the lawful behaviour of the system (first kind of micro- 
explanation) or the states of the system (second kind of micro-explanation). 
These two kinds of micro-explanation pertain to bridge-principles. 

A further example will help to make the relation between these two kinds 
of micro-explanation more explicit. Consider a piece of iron. Iron shows a 
property called ferromagnetism, i.e. it is capable of remaining permanently 
magnetized. The macro-property of being magnetized can be explained 
in terms of the microstructure of the piece of iron. More precisely, the laws 
that characterize the magnetizing of a piece of iron can be explained 
in terms of laws that pertain to a system of so-called Weiss domains, each 
of which is magnetized in a certain direction.’ Changes with respect to 
magnetizing the piece of iron, for example, in the hysteresis loop, can be 
explained in terms of moving domain walls of the microstructure of the 
iron. Both the magnetization and the structure of the Weiss domains are 
properties of the piece of iron. This is the first kind of micro-explanation. 
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Given such an explanation of the lawful behaviour of the magnetization of 
the iron, it is furthermore possible to explain why a piece of iron shows a 
determinate magnetization, an explanation of why it is in a particular state 
of magnetization. The piece of iron is in a particular state of magnetization 
because there is a determinate underlying state of the domain wall-structure. 
So in this case the state of a system is explained in terms of another state 
of the same system. This is the second kind of micro-explanation. Both the 
first and the second kind of micro-explanation concern the relation of two 
properties of the same system. 

Then we have part-whole micro-explanation. Again, it may either con- 
cern the explanation of the lawful behaviour of the compound system in 
terms of the lawful behaviour of the parts (third kind of micro-explanation) 
or the explanation of the states of a compound system in terms of the states 
of its constituents (fourth kind of micro-explanation). In the case of the 
piece of iron part-whole micro-explanation concerns the relation of the 
micro-structure of the piece of iron (Weiss domains and their walls) and 
the single iron atoms. How is it that these atoms give rise to the structure 
of Weiss domains? Idealized explanations of the microstructure of a piece 
of iron in terms of the behaviour of the subsystems typically rely on the 
so-called Ising model or the Heisenberg model. On the basis of these 
models, which take into consideration only certain kinds of interaction, one 
gains an explanation of the lawful behaviour of the compound in terms of 
the lawful behaviour of the parts (third kind of micro-explanation). Once 
such an explanation has been given it is furthermore possible to explain 
the determinate configuration of domain walls in terms of the determinate 
values for the interaction couplings between the constituents. Thus we have 
an explanation of the state of a compound system in terms of the states of 
its parts (fourth kind of micro-explanation). Both the third and the fourth 
kind of micro-explanation concern the part—whole relation. 

Altogether we have four kinds of micro-explanation: 


Laws States 
Explanation concerning two properties | 2 
of the same system (bridge-principles) 
Part—-whole explanation 3 A 


Of these four kinds I will focus on the two types of micro-explanation that 
attempt to explain laws, 1.e. micro-explanation (1) and micro-explanation 
(3). Micro-explanation (1) is tied to the explanation of bridge-laws and plays 
a significant role in contemporary discussions in the philosophy of mind 
in particular. Micro-explanation (3) is closely connected to C. D. Broad’ S- 
notions of mechanical explanation and emergence. It is central to the inter- 
pretation of the microphysicalists’ concerns. 
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Micro-explanation (1) and the explanation of 
bridge-laws 


Participants in philosophy of mind debates tend to be interested in the 
explanation of bridge-laws rather than in part-whole explanations. In Chap- 
ter 4 I will argue that this focus is seriously misleading. But let me briefly 
explain how interest in this question arose. 

The notion of supervenience has played a significant role in many of 
the debates on the status of mental states. It-was thought to provide us 
with a physicalistic conception of the mental that nevertheless allows 
for multiple realization of mental properties. Supervenience was meant to 
capture the idea that one set of properties (the physical properties) of a 
system ‘in some sense’ determines another set of properties of the same 
system (the mental properties). Suppose you are looking at the Mona Lisa 
and are musing about its aesthetic qualities. Let us furthermore assume that 
an exact replica, a picture that is, molecule-for-molecule, indistinguishable 
from the original Mona Lisa, has replaced the picture in front of you. Would 
this replica that is physically indiscernible from the original, be also indis- 
cernible with respect to its aesthetic qualities? Could the pictures differ 
aesthetically only if they differed physically? If the supervenience relation 
holds we ought to answer ‘yes’ to both questions. (For the sake of the 
argument it is assumed that aesthetic properties are intrinsic.) 

This can be made more precise in various ways. Let us consider two dis- 
joint sets of properties of one system, say, mental and physical properties. 
Jaegwon Kim, one of those philosophers who made this concept popular 
defines strong supervenience as follows: 


Mental properties supervene on physical properties, in that necessarily, 
for any mental property M, if any thing has M at time t, there exists a 
physical base (or subvenient) property P at t, and necessarily anything 
that has P at a time has M at that time. 

(Kim 1998: 9) 


According to supervenience, certain properties of one and the same system 
are modally correlated. The first half of the definition allows for multiple 
realization (it requires a physical base). The second half explicates the idea 
of P determining M. Supervenience as defined by Kim is not a relation 
between parts and wholes, despite the fact that the terminology that is 
sometimes used, such as ‘mereological supervenience’, suggests that the 
part—whole relation is what is at issue here (Kim 1984a: 54).° More recently 
Kim explicitly denounced the notion of ‘mereological supervenience’ as a 
loose way of speaking: 
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With respect to mental properties that supervene on physical properties 
Kan writes: 
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For it is the explanation of these bridge laws, an explanation of why 
there are just these mind-body correlations that is at the heart of the 


demand for an explanation of mentality. 
(Kim 1998: 96) 
Kim apparently assumes that explanation has ontological implications that 
are stronger than the holding of the supervenience relation. 

He argues that mental properties can be explained in terms of micro- 
based properties of the same system, given that they can be shown to play 
the same causal role that the macro-properties play. The important point is 
that this explanatory project concerns the explanation of one property of a 
system in terms of another property of the same system. It does not concern 
the relation of the behaviour of the parts of a system to the behaviour of 
the whole system. 

Kim hopes that the explanatory requirement helps him to make explicit 
what it means to say that the conditions for a physicalistic account of the 
mental have been met. Whether superdupervenience does any better in this 
respect than mere supervenience will be discussed below. 

Let me now turn to the second kind of micro-explanation of laws. 


Micro-explanation (3): C. D. Broad on the relation 
of parts and wholes 


In the 1920s C. D. Broad rigorously explored what he called mechanistic 
explanation. Since this notion captures the essence of what I take to be 
micro-explanation (3), 1.e. the explanation of laws that pertain to compounds 
in terms of the laws of the constituents, I will present his account in some 
detail. 

In the 1920s there was a lively debate over the question whether biological 
systems could be explained solely by reference to their physical constituents. 
Broad discusses three kinds of theories that try to explain the differences of 
the behaviour’ of living and non-living systems in terms of their compon- 
ents. Vitalism claims that there is a particular component — an entelechy — 
that is present in living bodies and nowhere else. It is this component that is 
responsible for the specific behaviour of living systems. Mechanism and 
emergentism deny that there is such a specific component in living systems. 
Both agree that the nature and arrangement of components that can 
be found elsewhere in nature determine the characteristic behaviour of a 
system. What they disagree about is whether the behaviour of the complex 
system can — in principle — “be deduced from the most complete knowledge 
of the behaviour of the components, taken separately or in other combina- 
tions, and of their proportions and arrangements in this whole’ (Broad 
1925: 59). Emergentism claims that there are systems with respect to which 
such an explanation is impossible. Mechanism denies this. 
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What does it take to explain the behaviour of a complex system on the 
basis of the behaviour of its components? Such an explanation, according to 
Broad, has to rely on two independent kinds of information: 


(a) We need to know how the parts would behave separately. And 
(b) we need to know the law or laws according to which the behaviour 
of the separate parts is compounded when they are acting together in 
any proportion and arrangement. ; 
(Broad 1925: 61) 


Broad is very explicit that information on the behaviour of the isolated 
components is in no case sufficient for determining the behaviour of the 
complex system. 


It is clear that in no case could the behaviour of a whole composed of 
certain constituents be predicted merely from a knowledge of the prop- 
erties of these constituents, taken separately, and of their properties and 
arrangements in the particular complex under consideration. Whenever 
this seems to be possible it is because we are using a suppressed premise 
which is so familiar that it has escaped our notice. The suppressed premise 
is the fact that we have examined other complexes in the past and have 
noted their behaviour; that we have found a general law connecting the 
behaviour of these wholes with that which their constituents would show 
in isolation; and that we are assuming that this law of composition will 
hold also of the particular complex whole at present under consideration. 

(Broad 1925: 63) 


As an example, he mentions the superposition of forces. To know how a 
force F, acts on a particle and to know how a force F, acts on the same 
particle is not sufficient to predict or explain how they will act together. The 
law of the composition of forces is an independent kind of information. 

This is an important point because explications of emergence, that is, of 
the failure of micro-explanation, often neglect this fact. Teller, for example, 
takes ‘the naked emergentist intuition to be that an emergent property of a 
whole somehow “transcends” the properties of the parts’ (Teller 1992: 139). 
What Broad points to is that properties of wholes a/ways transcend the 
properties of the parts. If one were to take Teller’s intuition seriously this 
would imply that every complex system’s property is emergent. 

According to Broad the relevant question is whether or not the kind of 
‘transcending’ is specific to the kind of system under investigation. This is 
what distinguishes a mechanistic system and an emergent system. Broad 
discusses the notion of specificity or uniqueness of laws with respect to the 
case of silver chloride (he held the behaviour of silver chloride to be a 
candidate for emergence). For a law that connects the properties of silver 
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chloride with those of silver and chlorine to be specific, Broad requires 
essentially that 


[i]t is...a law which could have been discovered only by studying 
samples of silver-chloride itself, and which can be extended inductively 


only to other samples of the same substance. 
(Broad 1925: 65)° 


And not — one should add — to other substances that contain silver 
or chlorine as components. This is the condition Broad makes use of, for 
example when he refers to clocks as mechanistic systems while relying on the 
fact that the laws required to explain them are instantiated in systems other 
than clocks. Thus a law is specific if its range of application is restricted to 
the kind of system under investigation. 

Broad employs the terminology of wholes and components while explain- 
ing the differences between mechanism and emergentism (1925: 59-61). 
The difference between the two views is not that mechanism claims that in 
all cases the whole is equal to the sum of its parts whereas emergentism denies 
this. We can reformulate Broad’s position and claim that there are various 
meanings of ‘sum’. There are various possible ways of adding and compos- 
ing parts to a whole.’ Both mechanists and emergentists agree that complex 
systems in general can be regarded as wholes that are equal to the sum of 
their parts or components. The relevant difference concerns the question 
whether or not the summing prescriptions or laws of composition are 
general or specific. Therefore an emergentist in Broad’s sense is not a holist, 
if a holist is someone who defends the claim that the whole is more than the 
sum of its parts. 

What Broad calls ‘laws of composition’ contains two kinds of information, 
which he separated at other places. On the one hand, there is information 
on how systems or components combine if there are no interactions present, 
and on the other hand, information on the effects these interactions will 
have on the combined systems (Broad 1925: 45). 

On the basis of these remarks we are finally able to reconstruct what 
Broad had in mind when defining the concept of mechanistic and emergent 
systems. There are two conditions for mechanistic systems. Both mechanistic 
and emergent systems agree in that the components and their arrangement 
determine the behaviour of the complex system (the first condition). 
Mechanistic systems as opposed to emergent systems can be micro-explained 
(second condition). On the basis of Broad’s remarks the notion of micro- 
explanation can be explicated as follows: 


A compound system’s behaviour is micro-explainable if it is — at least in 
principle — possible to deduce (to explain) the behaviour of the compound 
on the basis of 
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1 general laws concerning the behaviour of the components considered in 

isolation 
2 general laws of composition and 
3 general laws of interaction. '° 


Let me mention a few points that are either of importance for the following 
discussions or that link the present discussion to the previous chapter. First, 
all the information that goes into micro-explanation in the Broad sense is 
information about /aws, not about states of physical systems. 

Second, laws concerning isolated constituents are not sufficient to explain 
even the simplest kinds of compound systems. We always need a law of 
composition (with or without interaction). In this sense the behaviour of 
wholes always transcends that of the parts. 

Third, micro-explanation refers to counterfactual situations. It relies on 
how the components would behave if they were isolated. It does not rely on 
how the parts that go into the whole behave while they are in the whole. 

Fourth, in micro-explanation we consider the subsystems’ behaviour in 
abstraction — as if they were isolated. But this is not the only abstraction 
involved. The compound system we are about to micro-explain is con- 
sidered in abstraction as well, as though it were isolated. The behaviour is 
explained entirely in terms of the behaviour of the parts. That of course 
presupposes the absence of any external disturbing factors. By contrast, in 
causal explanation the external disturbing factor does all the explanatory 
work. 

Fifth, even though Broad’s conception of mechanistic explanation 1s 
obviously shaped by classical mechanics the criterion he employs in order to 
distinguish emergent and non-emergent behaviour is independent of the 
particular laws and examples he considers. The relevant question is whether 
or not the laws employed are specific or general. 


Micro-explanation (3) at work 


In classical mechanics its path in six-dimensional phase-space specifies the 
complete behaviour of a one-particle system. The six dimensions are due 
to three spatial co-ordinates plus three co-ordinates for the momentum (or 
for velocity). A point in phase-space represents a state of such a system. 
Its time-evolution and thus its path in phase-space are determined by the 
Hamilton equations, which in turn depend essentially on the classical 
Hamilton-function.'' Given this structure as a background we may say that 
the lawful behaviour of the isolated particle can be described by a classical 
Hamilton-function of the form H = p’/2m, where p is the momentum and 
m the mass of the particle in question. This is the law that determines the 
lawful behaviour of an isolated particle provided there are no forces present 
(See e.g. ter Haar 1971: ch. 5). 
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If we now turn to a non-interacting two-particle system we describe it by 
first specifying two six-dimensional phase-spaces, one for each of the particles 
and a classical Hamilton function of the above form for each of them. That 
on its own is not yet a description of a two-particle system. It is a description 
of two separate one-particle systems. What we furthermore need is a law of 
composition. 


Laws of composition and the part-—whole relation 


Laws of composition tell us how the descriptions of the behaviour of 
subsystems have to be combined in order to gain descriptions of the lawful 
behaviour of the compound system. These laws are not at all trivial. In 
particular, classical mechanics and quantum mechanics have different laws 
of composition. 

According to the basic law of composition in classical mechanics the 
phase-space for the compound system is the Cartesian product of the 
phase-spaces of the subsystems. In the case at hand the phase-space for 
the two-particle system is the Cartesian product of the two six-dimensional 
phase-spaces, 1.e. a twelve-dimensional phase-space. 

Laws of composition specify the relation of parts and wholes. These parts 
need not be thought of as spatial parts of wholes. Rather, as will become 
particularly clear in the case of quantum mechanics, laws of composition 
describe how the contributions of degrees of freedom’ add up to the beha- 
viour of a compound system. 

This basic law of composition leaves room for further laws of composi- 
tion for the physical magnitudes, depending on whether the latter are con- 
sidered to be scalars, vectors or tensors. Mass and the Hamilton function, 
for instance, are scalars. The law of composition for scalars — in the absence 
of effects of interactions — is the direct sum of the magnitudes for the sub- 
systems. Thus the Hamilton function for the compound system is the direct 
sum of the Hamilton functions for the isolated particles. In our case the lawful 
behaviour of the system of two non-interacting particles in classical mech- 
anics is described by a Hamilton function of the form: H = p;/2m, + p3/2m,. 
The laws of composition for vectorial or tensorial magnitudes are more 
complicated. However, I do not have to present the details of these laws. The 
essential point is that the basic law of composition (Cartesian product of 
phase-spaces) leaves room for further composition laws. 


Up to this point I have described how to construct a description for a 
compound system given the descriptions of the subsystems. In a micro- 
explanation the procedure is exactly the reverse of this synthetic method. 
We start with the description of a compound system and we analyse it into 
contributions of subsystems. In a first step the complex physical system is 
split up conceptually into subsystems. In a second step these subsystems are 
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treated as if they were isolated; their lawful behaviour in isolation is deter- 
mined. Finally the contributions of the subsystems are added up so as to 
determine the behaviour of the complex system. It is taken for granted that 
the contributions add up to the behaviour of the compound. The laws of 
composition, however, according to which these contributions are added 
up, are hardly ever made explicit. 

Let me now draw attention to some of the features of micro-explanation 
mentioned at the end of the last section. First, the explanation relies on how 
each of the particles would behave if it were isolated. Asking for the contri- 
bution of a subsystem is tantamount to determining the behaviour of the 
isolated subsystem and then adding it to the other subsystems according to 
the laws of composition. Second, the behaviour of the compound transcends 
that of the parts, even in a case as simple as this. The description of the 
particles by themselves is not sufficient for the description of the compound 
system. More is needed: a law of composition. It was Broad who already 
had pointed out that the behaviour of two subsystems is not equivalent to 
the behaviour of the compound. Third, micro-explanation in the Broad 
sense concerns /awful behaviour. Nothing has been said about the state the 
compound system is in. Neither the state the compound system is in nor the 
states the parts are in play a role in micro-explanation in Broad’s sense.'* 

In the presence of interactions we have to introduce a further term into 
the Hamiltonian, for example a term for gravitational interaction such as 
—Gm,m.,/r, where G is the gravitational constant and r the distance between 
the two particles. In such a case there are two options of describing what 
an explanation in terms of the behaviour of the subsystems might mean. 
According to the first option the relevant subsystems are the isolated particles 
in the absence of any forces acting on them. In order to explain the com- 
pound’s behaviour in terms of these subsystems’ behaviour we have to do 
more than add the general law of composition so as to generate the twelve 
dimensional phase-space. We have to add the term for the gravitational 
field potential. One may think of it as an addition to the law of composi- 
tion for the Hamilton function. The Hamilton functions H,; = p;/2m, 
and H, = p3/2m, have to be summed up not simply according to ordinary 
addition but according to a modified rule so that 


H,,. = p;/2m, + p3/2m, — Gm,m,/r. 


As in the non-interacting case it is an explanation that relies on isolated 
particles (as subsystems). As before, the description of these subsystems 1s 
not sufficient to characterize the system as a whole. 

According to the second option the subsystem in question is not the 
particles on their own, but rather the particles in the field generated by the 
other particle. The other particle itself is not part of the subsystem. Thus, 
the first subsystem consists of the first particle in an external gravitational 
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field generated by the second particle. The second subsystem is described 
analogously. The two subsystems behave according to the Hamilton 
equations with the following Hamilton functions: 


H, = p;/2m, Ta (Gm,m,/r)| ; 
H, = p3/2m, — (Gmm,/r) |, 


‘|; indicates that the function (Gm,m,/r) is restricted to the phase-space of 
particle i. 

Again, what we have is the description relying on two isolated systems 
(though not on two isolated particles). Each of these systems (particle plus 
field) is described as though it were the whole world. The description of the 
two subsystems does not yet yield the description of the compound; we need 
to know how the contributions add up. We need a law of composition for 
the phase-spaces as well as for the Hamilton functions. 

In quantum mechanics a vector in Hilbert space represents the state of a 
physical system at a time f. The time-evolution of this state-vector (the law- 
governed part of its behaviour) is described by the Schrodinger equation, 
which in turn requires the quantum-mechanical Hamiltonian to be speci- 
fied. In the case of an isolated one-particle system the quantum-mechanical 
Hamiltonian is defined as H = '/2P?/m, where P is the momentum operator 
of the particle. When we turn to a system of two non-interacting particles 
the procedure is analogous to the classical case. We rely on a quantum- 
mechanical law of composition of the following form: 


With the notion of the direct product of spaces we can formulate the 
basic assumption about the physical combination of two quantum 
mechanical systems: 

IVa. Let one physical system be described by an algebra of operators, 
A,, in the space R,, and the other physical system by an algebra A, in 
R,. The direct-product space R, ® R, is then the space of physical states 
of the physical combinations of these two systems, and its observables 
are operators in the direct-product space. The particular observables of 
the first system alone are given by A, ® I, and the observables of the 
second system alone are given by I @ A, (I = identity operator). 

We reemphasize that [Va is a basic assumption of quantum mechanics 
and can only be justified by the fact that such physical systems exist. 

(Bohm 1986: 147) 


This law of composition essentially requires that we take the tensor product 
of the two Hilbert spaces so as to gain a new Hilbert space in which the two- 
particle system can be represented. As a consequence, the Hamiltonian for 
the combined system is a direct sum of those for the isolated subsystems.’ 
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This presentation of a simple example of a micro-explanation in quantum 
mechanics suggests that not much has changed while turning from classical 
mechanics to quantum mechanics. That is indeed what I maintain — as long as 
we confine ourselves to micro-explanation in the Broad sense, i.e. as long as 
we confine ourselves to the micro-explanation of the lawful behaviour of com- 
pound systems. (Alleged counter-examples will be discussed on pp. 44—52.) 
The laws that govern the behaviour of compound quantum-mechanical sys- 
tems can be explained in terms of those laws that would govern the isolated 
components plus the laws of composition (plus interaction laws). 

The micro-explanation of more complicated cases of compound systems 
does not differ in principle from the simple case outlined above. For 
instance, in calculating the specific heat of a metal you determine the con- 
tribution of the crystalline structure, i.e. the expression that goes into the 
Hamiltonian, and those of the electrons separately and then add them 
up. Another example is the calculation of so-called critical exponents that 
characterize the behaviour of quantum-mechanical systems that undergo 
phase-transitions. Even though this is a considerably more complicated case 
the general strategy remains the same. The essential point is to know how 
the particles that constitute the system in question would behave in isolation, 
to know what interactions are present and then to sum up the contributions 
of all of these into a single Hamiltonian (thereby relying on a law of com- 
position). To what extent micro-explanation (3) in quantum mechanics is 
affected by quantum entanglement will be discussed on pp. 47-52. 


Micro-explanation (2) and micro-explanation (4): 
explaining the states of compound systems 


Hitherto we have considered two kinds of micro-explanation that pertain to 
laws. It has already been pointed out that we might also want to explain 
macro-states in terms of micro-states. There are, again, two kinds of explana- 
tions of this kind. First, we might try to explain why an ideal gas is in a 
certain state by referring to the micro-state of the system. The ideal gas has 
the determinate temperature T* because the ideal gas has the determinate 
kinetic energy value W*,. This is not an explanation of a bridge-law, it is 
rather an explanation that presupposes the existence of a bridge-law. In the 
absence of a bridge-law there would be no determinate relation between the 
macro-state and the micro-state. This kind of micro-explanation of a state 
of a compound system (micro-explanation (2)) is the explanation of why a 
system’s determinable property (temperature) has a determinate value (T*) 
in terms of the determinate value of another determinable property of the 
same system (mean kinetic energy). 

| Micro-explanation (4) is the explanation of the state of a compound system | 
on the basis of the part—-whole relation. We might want to explain a com- 
pound system’s state (the determinate value of a determinable property) in 
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terms of the states of the constituents (the determinate values of the deter- 
minable properties of the constituents). Thus, we might explain why a com- 
pound has the determinate energy value E* (the macro-state) by pointing out 
that the constituents have the determinate energy values E' to E” (the micro- 
states). This kind of micro-explanation of states presupposes laws of com- 
position to hold. Otherwise there would be no determinate relation between 
the state of the constituents and the state of the compound. There is no micro- 
explanation of states without either bridge-laws.or laws of composition. 

In what follows micro-explanation (2) and micro-explanation (4) will not 
play a major role. However, micro-explanation (4) (explanation of the states 
of compounds in terms of states of the parts) is an interesting case because 
an often quoted counter-example to micro-explanation in general is a 
counter-example to part-whole micro-explanation of states — but not to any 
other kinds of micro-explanation. 

The counter-example to the micro-explanation of the states of compound 
systems in terms of the states of their parts is a feature of quantum mech- 
anics. In classical mechanics there is no such problem. The states of two 
separate one-particle systems in classical mechanics are represented by two 
points in the respective phase-spaces, i.e. by two six-dimensional vectors. 
The state of a compound two-particle system is represented by a point in 
its phase-space, 1.e. by a twelve-dimensional vector. It is owing to the law of 
composition that we are able to explain the state of the compound in terms 
of the states the constituents would have if they were isolated. 


Micro-explanation and emergence 


The concept of emergence is tied to a lot of other notions, such as novelty, 
holism, etc.'° I am interested in emergence as defined by Broad: emergence as 
the non-availability of micro-explanation.'® If there are clear-cut examples 
of emergence in this sense, 1.e. the principled failure of micro-explanation, 
the microphysicalists’ assumption that the success of micro-explanation pro- 
vides evidence for their position is seriously threatened. 

Since there are four different kinds of micro-explanation there are at least 
four different kinds of failures of micro-explanations. That in turn gives 
rise to four different kinds of emergence. I will discuss all of these in turn 
but will focus on the question whether there are emergent properties that 
would undermine the microphysicalist thesis (emergence with respect to the 
part—whole relation). 


Failure of micro-explanation (1): emergence in 
Kim’s sense 


As we have seen Kim and others ask for the explanation of bridge-laws. 
Traditionally bridge-laws played a role in theory reduction according to the 
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model presented by Nagel. If the theory to be reduced and the reducing 
theory are couched in different vocabularies, bridge-laws provide links be- 
tween the predicates of the two theories. Commonly they were understood 
to be of biconditional form (e.g. M © P), linking one predicate (or the 
property it refers to) to another predicate (or the property it refers to) 
coextensively and with either nomic or logical necessity. 

In the last decades it has been doubted that universal bridge-laws are 
as widespread as it must be assumed for Nagel-reductions to do any work. 
According to the multiple realization argument many properties can be 
multiply realized. There is, for example, no universal bridge-law for tooth- 
pain because tooth-pain is realized differently in humans and in, say, 
elephants. At best there are /ocalized bridge-laws: bridge-laws that are rela- 
tive to species, for instance. It is these local bridge-laws that Kim attempts 
to explain. He tries to answer the question, Why it is the case that C-fibre- 
firing gives rise to pain (in human beings)? How is it that the subvenient 
property gives rise to the supervenient property? Explaining local bridge- 
laws is tantamount to explaining the correlations between subvenient and 
supervenient properties (Kim 1998: 96). 

What does such an explanation look like? Kim takes the possibility of 
functionalization to be the key to the explanation of bridge-laws (Kim 1997: 
289-90, 1998: 25ff.). Given the function or causal role of a macro-property, 
the micro-(based-)property is said to explain the macro-property if it can be 
shown that the micro-property has exactly the same function or fills the 
causal role in question. He discusses the following example of an explana- 
tion of bridge-laws according to his model: 


To reduce temperature we must first stop thinking of it as an intrinsic 
property but construe it as an extrinsic property characterised relationally, 
in terms of causal/nomic relations, perhaps something like this: it is 
that magnitude of an object that increases (or is caused to increase) 
when the object is in contact with another with a higher degree of it, 
that, when high, causes a ball of wax in the vicinity to melt, that, when 
extremely low can make steel brittle, that, when extremely high, can turn 
steel into a molten state... We then find properties or mechanisms, 
often at the micro-level, that satisfy these causal/nomic specifications 
and thereby fill the specified causal role. 

(Kim 1998; 25)!’ 


Given this functional model of the explanation of bridge-laws it may be 
asked whether such explanations are available. There are at least two ways 
to answer this question. On the one hand we might be interested in what 
counts as an adequate micro-explanation of, say, the transparency of glass, 
within an ordinary scientific context. I will not have to say much about 
criteria for successful explanations in this sense. As Kim himself points out, 
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it is a necessary condition that the property to be explained is characterizable 
in terms of its function or causal role. Whether or not all higher order 
properties can be functionalized is ultimately an empirical matter. There 
seems to be a widespread consensus that qualia, i.e. properties of conscious 
experience, are very likely to resist functionalization. Thus, even if we are 
ever going to find correlations between qualia on the one hand and physical 
properties on the other, such correlations or bridge-laws cannot be explained 
on the basis of the physical property or properties. A fortiori qualia would 
turn out to be emergent, given this conception of explanation. In other cases 
such as the liquidity or the transparency of water or other substances it is 
very likely that explanations that live up to the requirements mentioned so 
far can be given. 

I agree with Kim that this model of explanation (or reduction, as he 
prefers to call it) accords well with how within science higher order 
properties are explained in terms of micro-based properties (Kim 1998: 24). 
However, admitting that this model is reasonable in the light of the scientific 
explanatory practice is one thing. Quite another thing is the question whether 
explanations of the above kind explain bridge-laws in the sense Kim and 
others want to have them explained. In order to deal with this point it is 
essential to focus on what exactly is asked for when the question arises why 
C-fibre-firing gives rise to pain. This will lead to a second answer to the 
question whether adequate explanations of bridge-laws are available. 

Terence Horgan introduces the demand for explanations of the kind under 
discussion in the context of supervenience. As we have seen on pp. 30-2. 
supervenience is compatible not only with physicalism but also with, for 
example, parallelism. The demand for an explanation of the bridge-laws or 
supervenient correlations is introduced in order to be able to formulate a 
viable physicalistic or materialistic conception of the mind—body relation or 
inter-level relations in general. Thus, Horgan concludes that 


the sort of inter-level relation that would confer materialistic ‘respectab- 
ility’ on higher order properties and facts would be not bare ontological 
supervenience, but superdupervenience — ontological supervenience that 
is robustly explainable in a materialistically acceptable way. 

(Horgan 1993: 577) 


Horgan claims that we have some candidates for such a robust explanation 
in a materialistically acceptable way. He mentions the explanation of 
liquidity. What needs to be explained is the following: 


Thus, explaining why liquidity supervenes on certain microphysical prop- 

erties is essentially a matter of explaining why any quantity of stuff with 

these microphysical properties will exhibit those macro-features. 
(Horgan 1993: 579) 
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Horgan seems to think that explanations of bridge-laws together with the 
supervenience relation enable us to give a materialistically adequate theory 
of the relation of the properties of different levels such as the mental and the 
physical — a theory that bare supervenience was unable to deliver. 

Kim asks for the explanation of supervenience as well. But he is less clear 
than Horgan about what would fit the bill. At various points Kim suggests 
that we need a metaphysical explanation of why supervenience holds. 
It seems that what is asked for is an ontological relation that explains why 
subvenient and supervenient properties co-vary. The metaphysical view 
he favours, physical realizationism, i.e. the claim that mental properties 
are realized by physical properties, provides such an explanation. Physical 
realizationism entails supervenience (Kim 1998: 23). According to this 
conception the explanations of why particular bridge-laws hold count as 
evidence for the truth of physical realizationism. 

At other points, however, it seems that the explanations of particular 
bridge-laws are meant to do the whole work that supervenience on its own 
is unable to do. Thus, Kim contrasts his model of reduction with Nagel’s. 
He claims that the latter’s poverty is manifest because it is compatible with, 
for example, epiphenomenalism or pre-established harmony (Kim 1998: 97). 
Apparently he assumes that his own, functional, model of reduction (of the 
explanation of bridge-laws) would not work if psychophysical parallelism, 
for instance, were true. 

What this suggests is that both Kim (at some places) and Horgan seem to 
think that an adequate explanation of bridge-laws has to be able to rule out 
non-materialist theories of mind such as parallelism (or non-reductionist 
theories of the biological vis-a-vis the physical). It is, however, not easy to 
see how an explanation of bridge-laws can live up to this standard. It seems 
that — given this standard — micro-explanations in Kim’s sense are bound to 
fail, i.e. to give rise to emergence in his sense. There is no reason why Kim’s 
explanatory strategy would not work in a world in which pre-established 
harmony was true. If, say, psychophysical parallelism was true we would be 
able to specify the functional role of tooth-pain and presumably we would 
be able to explain its functional role on the basis of neurophysiological 
properties that God has correlated with tooth-pain. Given that materialism 
and parallelism are theories that are compatible with the same bodies of 
evidence it is hard to see why an explanation that relies on empirical laws 
should rule out the one but not the other. 

Let me add that the question at stake is not whether parallelism is a better 
account of the phenomena than, say, physical realizationism. The question 
under discussion is whether explanations according to the functional model 
rule out parallelism. This is what Horgan and Kim (at some places) expect 
such explanations to do. 

Given this standard (an empirical explanation that rules out parallelism), 
micro-explanation in Kim’s sense is bound to fail. Supervenient properties 
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are emergent if the above criteria for explanation are accepted. Superduper- 
venience (supervenience plus explanation of bridge-laws) yields superduper- 
emergence. 

Let me add that this is not a very interesting conception of emergence. 
The failure of micro-explanation in Kim’s sense is entirely due to the 
unreasonably high standards Horgan and Kim (at some places) are bound 
to set for the explanations to do the work they are supposed to do. 

Be that as it may, one does not have to accept this standard for adequate 
explanations. By ordinary scientific standards, one might argue, the explana- 
tions of the transparency of water or of the boiling of water are successful 
explanations. I agree. It is, however, important to point out that the 
explanations of bridge-laws according to the functional model piggyback on 
micro-explanations in Broad’s sense, i.e. on part-whole micro-explanations. 
Consider the example of the boiling of water. The bridge-law links the 
boiling of water and the phase-transition of H,O molecules. An explanation 
of the bridge-law contains essentially two ingredients. First, information 
about the empirical correlation of water and H,O as well as about the 
correlation of the boiling of the water and the phase-transition of an ensemble 
of H,O molecules. Second, a story about why the ensemble of H,O molecules 
undergoes a phase-transition. This second ingredient does most of the 
explanatory work and it does this by relying on a micro-explanation (3), i.e. 
on an explanation that invokes laws concerning the part—whole relation. 
Thus, if micro-explanation of bridge-laws is thought to provide evidence for 
some kind of physicalism, it ought to be kept in mind that it is evidence in 
virtue of underlying part—whole micro-explanations. 


Failure of micro-explanation (3): 
emergence in Broad’s sense 


When it comes to the question whether the behaviour of compound systems 
can be explained in terms of that of its parts the most prominent counter- 
example is quantum-entanglement. That will be discussed in the next section. 
Here I discuss two further candidates for emergence. These candidates turn 
out not to be examples of emergent behaviour. The behaviour of the com- 
pounds in question can be micro-explained; at least there is not the slightest 
evidence to the contrary. These cases are therefore no warrant against the 
microphysicalists’ claim that micro-explanations are always possible. 

The first example concerns so-called chaotic behaviour of some physical 
systems. It has been argued that chaotic systems provide examples of 
emergent systems. This claim has been based on the observation that ‘[w]e 
can only make finite precision measurements and specifications or descrip- 
tions of physical systems’ (Newman 1996: 252). Therefore, our knowledge 
of the behaviour of the parts never suffices to explain the behaviour of the 
compound system. 


Micro-explanation 45 


Emergence as we have discussed it here is an ontological concept. It 
concerns the question whether the behaviour of a whole can be taken to 
be ontologically independent of the behaviour of the parts. The difficulty con- _ 
sists in spelling out what is meant by ‘ontological independence’. Usually, 
epistemological concepts such as our ability to explain are referred to in order 
to mark ontological distinctions such as those between emergent systems 
and what Broad called mechanistic systems. 

The rationale behind this strategy can be made more explicit by taking a 
look at one of Leibniz’s arguments against Clarke. Leibniz argued that two 
states of the universe are identical if it is in principle impossible to observe a 
difference between them. The idea is that the impossibility of an epistemic 
procedure reflects an ontological fact. Similarly, if it is impossible to deduce, 
predict, or explain the behaviour of some entity A on the basis of the com- 
plete knowledge of the behaviour of entity B, then there is no ontological 
connection between the behaviour of B and the behaviour of A. 

It is important that Leibniz has to refer to an ideal observer. Leibniz’s 
argument would not work if the impossibility of observing a difference were 
to refer to human beings with their epistemic limitations. It is for this reason 
that Broad mentions a mathematical archangel that is supposed to do the 
explanation, deduction, or prediction (Broad 1925: 70). 

If we take emergence to be an ontological notion, candidates for emer- 
gence that depend on the epistemological inaccessibility of explanations to 
human beings (as opposed to mathematical archangels) cannot be accepted 
as genuine examples of systems showing emergent behaviour. 

It is the misconstrual of the impossibility-claim with respect to micro- 
explanation that makes chaotic systems come out as emergent. From the 
perspective of a mathematical archangel, which is relevant for an ontological 
perspective, chaotic behaviour is very well predictable or deducible, because 
we are dealing with deterministic systems. Deterministic chaos is thus not an 
example of emergent behaviour. 

A second candidate that is sometimes mentioned is the phenomenon of 
phase-transitions (Anderson 1972; Liu 1999). Physical systems can exist 
in different phases. Water, for example can exist in a solid, liquid or gaseous 
phase. Ferromagnets exist in a magnetic phase below the so-called Curie 
temperature and are demagnetized above it. The alleged emergent behaviour 
occurs when a system undergoes a phase-transition. These phase-transitions 
are uncontroversial phenomena as regards their mere existence. When- 
ever water starts to boil you are confronted with an instance of a phase- 
transition. Within statistical mechanics the occurrence of phase-transitions 
is somewhat problematic. They are defined to occur in the so-called thermo- 
dynamic limit, ic. under the assumption that the system in question consists 
of an infinite number of subsystems. Finite systems — and among them 
all real systems such as the boiling water — will, it seems, never be able to 
undergo a phase-transition. Those phase-transitions we observe can — to all 
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The key feature of [a fused system] is that it is a unified whole in the 
sense that its causal effects cannot be correctly represented in terms of 
the separate causal effects of [the components]. Moreover, within 
the [fused system] the original property instances . . . no longer exist as 
separate entities and they no longer have their. . . causal powers... 
(Humphreys 1997b: 10) 


The essential feature of this example is what Humphreys calls the ‘failure of 
supervenience’: The state of the compound cannot supervene on (let alone 
be explained in terms of) the states of the parts because there are no such 
states. Humphreys then suggests that the failure of supervenience implies 
emergence (Humphreys 1997b: 10). 

I agree with Humphreys (and others) that quantum entanglement is a 
case of emergence. What has to be kept in mind with respect to this failure, 
is that it concerns the states of parts and the states of wholes. Thus, it 
provides a counter-example to part-whole micro-explanation of states — 
not, however, a counter-example to part-whole micro-explanation of the 
dynamics of compound systems. 


Explaining the dynamics of a compound quantum 
mechanical system 


As I mentioned on pp. 35—9 not much has changed while turning from 
classical mechanics to quantum mechanics, as long as we confine ourselves 
to the dynamics of compound systems, i.e. to micro-explanation (3). The 
laws that govern the temporal evolution of compound quantum-mechanical 
systems can be explained in terms of those laws that would govern the 
isolated components plus the laws of composition (plus interaction laws). 

Consider the example of the ideal crystal. In classical mechanics it is 
assumed that the mean equilibrium positions of the ions that constitute the 
crystal are the sites of a regular lattice. It is furthermore assumed that the 
oscillations of the ions around this equilibrium position are small compared 
to the interionic spacing, so that only interactions between nearest neighbours 
have to be taken into account. An additional idealization is the supposition 
that the potential between nearest neighbours is harmonic (Ashcroft and 
Mermin 1976: 422). On the basis of these and further assumptions we can 
determine the classical Hamilton function of the ideal crystal, i.e. the sum of 
the kinetic and potential energies 


H Die kin a: U 
H = Y,p7/2m + (1/2)2,U,qiq; 
with U;,= 07/dq,0q; U(qi,.. . Gan); 


(d/dq; stands for the partial derivative with respect to coordinate q,). 
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The Hamilton function allows us to calculate measurable thermodynamic 
properties such as the specific heat of a crystal. 


cy = — (1/V)(0/dT (0/0) In J dqidqsy exp {-BH} 
with B = 1/k,T; 


(V stands for volume, T for temperature and k, for the 
Boltzmann-constant). 


According to classical (statistical) mechanics the specific heat of an ideal 
crystal is independent of its temperature (Dulong and Petit’s law). 

This treatment of the crystal accords perfectly with our characterization 
of micro-explanation (3): We analyse the compound system into contribu- 
tions of subsystems: In a first step the complex physical system is split up 
conceptually into subsystems (ions). In a second step these subsystems 
are treated as if they were isolated; their lawful behaviour in isolation is 
determined (the kinetic energy terms). Finally the contributions of the 
subsystems as well as the interactions (the potential energy terms) are added 
up so as to determine the behaviour of the complex system. 

Hardly anything changes with respect to the explanatory strategy when 
we go from classical to quantum mechanics. The point is that though the 
mathematical tools used to describe the systems and subsystems change, the 
analysis of the ideal crystal otherwise remains the same. The quantum- 
mechanical Hamilton operator for the ideal crystal is determined on the 
basis of the kinetic energy terms for the ions and their interactions. 
The variables p and q are replaced by operators on Hilbert space. This 
eventually leads to different empirical predictions (e.g. to a temperature 
dependence of the specific heat). However, there is no change with regard to 
the explanatory strategy that is involved. 

The fact that the states of quantum-mechanical systems cannot in general 
be explained in terms of the states of its constituents does not undermine 
micro-explanation in general. The explanation of the behaviour of a crystal 
is an example for the explanation of the dynamics of the system, 1.e. it is 
an explanation of the /aw that describes its temporal evolution (micro- 
explanation (3)). The dynamics of a quantum-mechanical system is essentially 
determined by the Hamiltonian that goes into the Schrédinger equation (or 
the partition function). The Hamiltonian is built up by what we know about 
how the parts would evolve if they were separated and their interaction 
while constituting a compound; it is built up of the terms for the kinetic and 
potential energies. This information about the parts and their interaction is 
sufficient to explain the dynamics of the compound system. 

The upshot is that the quantum-mechanical explanation of the dynamics 
of compound quantum systems is just as good an example for micro- 
explanation (3) as its classical analogue. 
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An objection 


Kronz and Tiehen have argued that quantum entanglement (the non- 
separability of quantum states) is not the only feature of quantum mechanics 
that gives rise to emergence. The non-separability of Hamiltonians is said to 
lead to dynamic emergence. 

The first point to note is that Kronz and Tiehen’s notion of emergence 
differs from the notion I have employed so far. They define emergence 
in terms of ‘dependent characterization’. It gives rise to what they call 
‘dynamic emergence’: 


Emergent wholes have contemporaneous parts, but these parts cannot 

be characterized independently from their respective wholes. Emergent 

wholes are produced by an essential, ongoing, interaction of its parts. 
(Kronz and Tiehen 2002: 345) 


The key notions in this definition are ‘characterization’ and ‘independence’, 
which are defined as follows: 


A characterization of an entity is an exhaustive list of the properties 
that are instantiated by an entity. A characterization is independent if 
the elements of the list make no essential reference to some other entity. 

(Kronz and Tiehen 2002: 344) 


There are of course no strictures on definitions of emergence but it ought to 
be pointed out that the concept of dynamic emergence is very liberal. As 
soon as there are any non-intrinsic or relational properties among the parts, 
the whole turns out to be emergent because there is an essential reference to 
some other entity. This kind of emergence is, therefore, in no way character- 
istic of quantum mechanics (in contrast to what Kronz and Tiehen suggest). 
Our planetary system as described by Newtonian mechanics is an example 
for dynamic emergence. The temporal evolution of the earth, for instance, 
cannot be characterized independently of the whole system. The temporal 
evolution of the states of the earth invokes an essential reference, for 
example to the sun. As this example indicates, ‘dynamic emergence’ is com- 
pletely compatible with the explanation of the dynamics of the compound in 
terms of those of the parts plus their interaction, i.e. with the kind of micro- 
explanation we are interested in. The planetary system might be an example 
for dynamic emergence; its behaviour is nevertheless explainable on the 
basis of the laws for the isolated planets plus their interactions (and laws of 
composition). 

However, the crucial question for us is whether — independent of their 
notion of emergence — what Kronz and Tiehen call the ‘non-separability of 
Hamiltonians’ gives rise to emergence in our sense. 
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Let me start with their notion of ‘non-separability’.”? In the case of 
quantum states non-separability is equated with entanglement: A vector 
that can be written as tensor product relative to a given basis is said to be 
separable. It is non-separable if it can only be written as a superposition 
of tensor products as, for example, state (iii) above (p. 47). In analogy, 
separability of Hamiltonians or evolution-operators is defined as the possi- 
bility of writing the relevant matrix as a tensor product of the submatrices 
for the parts of the compound. The Hamiltonian or the evolution-operator 
is said to be non-separable if it can only be written as a superposition of 
tensor products of the Hamiltonians or evolution-operators for the parts. 

Physically speaking a separable Hamiltonian leads to time evolutions 
of the parts of the compounds that are independent of one another. A 
non-separable Hamiltonian, on the other hand, brings about interdependent 
temporal evolutions of the parts. Every Hamiltonian that contains an inter- 
action term is non-separable, simply because the parts affect one another. 

What are the effects of separable and non-separable Hamiltonians on 
separable and non-separable quantum states? If we start with two separable 
quantum-mechanical systems (no entanglement) and the dynamics of the 
two is described by a separable Hamiltonian there will be no interaction 
and the systems remain non-entangled. Entanglement is brought about by 
interaction. It requires a Hamiltonian that contains interaction terms — a 
non-separable Hamiltonian. 

Kronz and Tiehen start with a non-separable, i.e. an entangled state and 
study its temporal evolution. If we start with an entangled quantum state a 
non-separable Hamiltonian might lead to quantum states that are more 
entangled than before (but it might also lead to disentangled quantum states; 
after all the Schrodinger equation is time-symmetric). Kronz and Tiehen 
claim: 


The non-separability of the state of a composite system is one degree of 
inextricability, but it is not the most robust form to be found in quan- 
tum mechanics. A greater degree is to be found when the Hamiltonian 
of the compound is non-separable. In that case, the time evolution of 
the density operator that is associated with a part of a composite system 
cannot in general be characterized in a way that is independent of the time 
evolution of the whole. If the Hamiltonian is separable, then the time 
evolution of the density operator that is associated with a part can in 
general be characterized independently of the time evolution of the whole. 

(Kronz and Tiehen 2002: 343-4) 


Kronz and Tiehen substantiate their claim by calculating the density 
operator p,(t) of a part S,; of a composite system S$ consisting of two parts 
(S, and S§,): 
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p(t) = Tr p(t) 


where p(t) is the density operator of the compound system S. 

This partial trace is independent of U, if the temporal evolution U of the 
compound system S can be written as tensor product: U = U,; ® U;. That 
requires the Hamiltonian for the compound to be separable. If it fails to 
be separable the temporal evolution of p,(t) will depend on the temporal 
evolution of the whole (Kronz and Tiehen 2002: 344). 

I agree with everything that Kronz and Tiehen say. However, the point 
is that quantum mechanics shares the feature described with its classical 
analogue. In the presence of interaction the temporal evolution of parts 
of compound classical systems depends on the temporal evolution of the 
whole. As I mentioned before, the temporal evolution of the earth cannot be 
characterized independently of the whole planetary system. 

To conclude: The non-separability of states is something unknown in 
classical mechanics. In classical mechanics it is always possible to consider 
the state of a subsystem as something intrinsic. This is no longer the 
case when we go to quantum mechanics. However, there is no analogous 
difference between classical and quantum mechanics with respect to non- 
separable Hamiltonians. No additional non-classical feature is introduced 
by non-separable Hamiltonians. In the classical as well as in the quantum- 
mechanical case the presence of interaction terms leads to time-evolutions of 
the parts that depend on the compound. We may call this a case of ‘dynamic 
emergence’. What is essential to note, however, is that these cases do not 
undermine the micro-explanation of the dynamics of compound systems. 
Neither the classical nor the quantum case can serve as an example for 
emergence in Broad’s sense. 

There is, therefore, no reading of quantum mechanics such that we 
ought to conclude ‘reductionism is dead’, as Tim Maudlin put it (1998: 54). 
Micro-explanation of the dynamics of compound systems has nothing to 
fear from quantum-mechanical entanglement because it attempts to explain 
laws (the dynamics) rather than states of compound systems. There is there- 
fore a clear sense in which the explanation of the properties of a crystal 
on the basis of quantum mechanics can be considered a successful micro- 
explanation. It is an example of micro-explanation (3): The dynamics of the 
compound is explained on the basis of the dynamics of the parts and their 
interaction. 


A diagnosis 


With respect to the concept of emergence we end up with the following 
result: Quantum entanglement provides an example for emergence that 
concerns the relation between the states of parts and those of compound 
systems. We did not, however, come across examples of emergence in the 
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sense of the failure of micro-explanation (3) — at least not in physics. It is 
worth asking why there are no such examples. 

Brian McLaughlin has stressed the fact that the failure of the emergentists 
to come up with examples of uncontroversial evidence for emergent behavi- 
our is not due to philosophical mistakes or to the contradictory claims they 
make. It is an empirical matter (McLaughlin 1992). I agree. It is, however, 
remarkable that there are no uncontroversial examples for emergence in 
Broad’s sense. 

There are, I think, two reasons why it is rather unlikely that scientists will 
comfortably settle with examples of emergent behaviour. The first reason is 
a coherence requirement. We want our stories about parts and wholes to be 
coherent. They should yield the same predictions, etc. Let us assume we are 
dealing with a compound system C. We measure C’s specific heat and it 
turns out to be, say, c,(T) (T indicates its dependence on the temperature). 
Now assume that we have been set the task of explaining this phenomenon. 
On the basis of what we take to be the constituents of C and the interactions 
among them we calculate a diverging result, say, c,(T). How will we react? 
Well, surely something has gone wrong, either with the experiment or with 
the calculation. Presumably we will check whether there are further contri- 
butions to the specific heat that we have not yet taken account of in our 
explanation, or whether there are interactions that we have neglected. Clearly, 
we are not allowed to postulate an unknown force, we have to rely on 
general laws. In short, we would consider every candidate for an emergent 
phenomenon as an anomaly. Along the lines of Kuhn it can be argued that 
we will have failed in our scientific aspirations unless we are able to make 
the story about the whole (c,(T)) accord with that about the parts (c,(T)). 

The second point is that this pressure would not have the effect in 
question if micro-explanation (3) were not to a certain degree a flexible 
research and explanatory strategy. This flexibility becomes apparent if one 
looks at how emergentists might conceive of certain episodes in the history 
of physics. There are at least two cases where they might have felt near 
victory. First case: gravitation. All attempts to micro-explain gravitational 
phenomena in terms of (roughly) Cartesian physics have failed. Gravitation, 
a case of emergence? Second case: electromagnetism. All attempts to micro- 
explain electromagnetic phenomena in terms of (roughly) Newtonian physics 
have failed. Electromagnetism, a case of emergence? Ultimately physicists 
did not settle with these unsettling outcomes. Rather, in both cases they 
redefined the basis on which micro-explanation could rely. In the case of 
gravitation the constituents were now described as possessing mass, a dis- 
position of particles to behave in accordance to a certain law, given the 
presence of other particles endowed with mass. The case of electromagnet- 
ism is analogous. Charge was introduced as a new disposition that particles 
might be endowed with. On this redefined basis neither gravitational nor 
electromagnetic phenomena turn out to be emergent. 
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This looks like a rather frustrating game for the emergentists, one that 
they are bound to lose. Maybe that is the case. It should, however, be noted 
that there are also certain restrictions on micro-explanation; certainly not 
just any new kind of disposition or law of interaction will do. Introducing a 
soporific disposition to explain the effects of opium will not be considered to 
be an adequate move. Laws (or dispositions) should be general, not specific, 
as Broad has said. But generality and specificity are matters of degree.” 
Given all this, namely, the pressure for coherence and the flexibility of 
micro-explanation, we should not be completely surprised that we found no 
clear-cut examples of emergent behaviour (in Broad’s sense, i.e. in the sense 
of micro-explanation (3)) in physics. 

These remarks should not be read as an a priori argument against the 
possibility of emergent phenomena in Broad’s sense. As I said, I agree with 
McLaughlin that this is ultimately an empirical matter. What I have argued 
is that micro-explanation is to some extent a flexible explanatory strategy, 
so as to turn alleged counter-examples, i.e. alleged examples of emergence, 
into phenomena that are micro-explainable after all. Thus, it is not a good 
idea to rest one’s argument against microphysicalism on the assumption 
that there are uncontroversial examples of emergence. 


Other modes of explanation 


It ought to be mentioned that micro-explanation is by no means the only 
kind of explanation that physicists make use of. Causal explanation, for 
instance, is a very different kind of explanation of why a system behaves the 
way it does. In contrast to micro-explanation, which considers an isolated 
system and traces its behaviour to what the parts would do if they in turn 
were isolated (plus laws of composition and interactions among the parts), 
causal explanation takes into consideration the interaction with other, 
external systems. It is the behaviour of the other systems that does the 
explanatory work. 

Similar remarks apply to further modes of explanation. Some explana- 
tions, for instance, appeal to mathematical structures. Many-particle 
physics deals with systems that display critical phenomena. These systems 
can be represented in spaces with certain topological features — basins of 
attractions, for instance. The fact that a system is situated in such a basin 
may serve as an explanation for why, say, the temperature dependence of the 
specific heat of the system near the critical point is of such and such a form. 
The fact that physicists use these and other kinds of explanation is quite 
compatible with a micro-explanation of the same system. Other modes of 
explanation might be more suitable to answer the questions physicists have. 
I have not claimed that micro-explanation is the most interesting kind of 
explanation. 
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Concluding remarks 


In the first section of this chapter we distinguished four kinds of micro- 
explanation. We have the explanation of the properties of a system in terms of 
other properties of the same system. Such an explanation may concern either 
the lawful behaviour of the system (micro-explanation (1)) or the states of 
the system (micro-explanation (2)). Furthermore we have part-whole micro- 
explanation. Again, it may concern either the explanation of the lawful 
behaviour of the compound system in terms of the lawful behaviour of the 
parts (micro-explanation (3)) or the explanation of the states of a compound 
system in terms of the states of its constituents (micro-explanation (4)). 

In the subsequent sections I focused on micro-explanation (1) and on 
micro-explanation (3), both of which are explanations of laws and in terms 
of laws. The reason is that these kinds of explanation are more important in 
the sciences. Not only that, they allow a link to discussions within philosophy 
of mind and other philosophical subdisciplines that focus on properties. The 
reason for this connection between laws and properties can be explicated 
as follows. (I will confine myself to the part-whole relation.) Let me first 
distinguish between determinable properties and determinate properties. 
Mass, temperature, etc. are examples of determinable properties whereas a 
certain mass-value and a certain temperature-value are examples of deter- 
minate properties. The explanation of determinate properties of compound 
systems in terms of the determinate properties of their parts is a matter of 
the micro-explanation of states, i.e. of micro-explanation (4). Explaining 
determinable properties seems to be closely related to the micro-explanation 
of laws (micro-explanation (3)). Robert Cummins introduces a distinction 
between transition theories which are supposed to explain changes on the 
one hand and what he called ‘property-theories’ on the other (Cummins 
1983: 1-27). The latter are meant to explain why a system has a certain 
property. Interestingly, all the examples Cummins examines, such as Einstein’s 
photo-electric effect, are in fact cases of law-explanations. The reason seems 
to be that properties can best be understood in terms of the laws they figure 
in (their causal or functional role). Thus, I maintain that micro-explanation 
(3) captures what philosophers in general and microphysicalists in particular 
have in mind when envisaging the explanation of properties of compound 
systems in terms of those of their parts. 

The whole point of our analysis of micro-explanation is the physicalists’ 
assumption that the success of micro-explanation implies the truth of 
(micro-)physicalism. One important result of our analysis is that what is 
usually taken to be micro-explanation simpliciter, does in fact contain two 
components that might be taken to support different versions of physicalism. 
The explanation of, say, the transparency of glass can be broken down into, 
first, an explanation of why glass is transparent in terms of a micro-based 
property of glass (micro-explanation (1)) and, second, an explanation of 
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why glass possesses the micro-based property in terms of the constituents’ 
properties (micro-explanation (3)). Micro-explanation (1) is an explanation 
of one property of a system in terms of another property of the same system 
and may thus be taken to, be evidence for identity-physicalism. Micro- 
explanation (3), on the other hand, concerns the relation of parts and wholes 
and is therefore, at least prima facie, evidence for microphysicalism. 

It was not the aim of this chapter to assess whether, on the basis of this 
alleged evidence, we may legitimately infer microphysicalism or identity- 
physicalism. That is what will be done in the following chapters. The point 
was rather an analysis of micro-explanation in the first place and an assess- 
ment of the physicalists’ assumption that micro-explanation is a successful 
research strategy. If explanations fail to be successful (in principle) we 
are confronted with an emergent property. Our result with respect to 
micro-explanation (1) was that, given ordinary scientific standards, such 
explanations are to be had. Successful explanations do, however, presuppose 
that the property in question can be functionalized and that an appropriate 
micro-base property can be found. Whether that is indeed the case is an 
empirical matter and remains to be seen in every single case. If the standards 
are set unreasonably high, the situation is different. If micro-explanation (1) 
counts as successful only if certain metaphysical positions with respect to the 
relation of the two properties in question are excluded, micro-explanation 
(1) is bound to fail. 

With respect to micro-explanation (3) our conclusion is that 
microphysicalists are justified in their conviction that micro-explanation is a 
successful explanatory strategy — at least if we confine ourselves to physics. 
Micro-explanation (3) as an explanatory strategy is the explanation of the 
behaviour of compound systems on the basis of (1) general laws about how 
the constituents would behave if they were isolated, (2) general laws of 
combination and (3) general laws of interaction. Micro-explanation (3) 
is successful even in quantum mechanics. We did not come across any 
examples of emergence in the sense of micro-explanation (3). Quantum 
entanglement is an example of emergence but it pertains to the explanation 
of states of compound systems in terms of states of constituents. I have 
argued that the failure of this kind of explanation (micro-explanation (4)) 
does nothing to undermine the success of micro-explanation (3). 

Thus, the premise of the argument for microphysicalism that we set out to 
examine turns out to be warranted, at least with respect to physics. The 
microphysicalists may not have got all they wanted, for surely they were 
also envisaging the prospect of micro-explaining macro-states in terms of 
the states of the constituents. However, as a counter-example to micro- 
explanation in general its impact has been seriously overrated. 

It of course remains to be seen whether every property of a non- 
microphysical entity can be micro-explained. The question is whether we 
might legitimately infer that the success of micro-explanation (3) cannot 


Micro-explanation 57 


only be extended to other natural sciences, but also to, say, the mental. 
Micro-explanation (3) of a mental property of a compound system only gets 
off the ground if the mental property can be conceived of as being in some 
sense micro-based. Whether or not this is the case is exactly the issue of 
identity-physicalism. 

Be that as it may, microphysicalists are warranted in claiming that 
micro-explanation (3) is a successful explanatory strategy. For the remainder 
of the book I will concede that it is reasonable to expect this strategy 
to be successful with respect to all of nature. Let us see what ontological 
conclusions we have to draw given this explanatory assumption. 


Chapter 4 
What is the issue? 


Having distinguished various kinds of micro-explanation we are now in the 
position to assess whether the availability of micro-explanations warrants 
the claims of the microphysicalists. Whether or not this is the case clearly 
depends on what reading we give to the microphysicalists’ theses. 

In this chapter I will sharpen the microphysicalists’ theses and will 
in particular distinguish them from the claims of the identity-physicalist. 
In addition, I will set my intended criticism of microphysicalism into 
perspective by relating it to functionalism (according to which mental 
states cannot be characterized in physical terms) and by discussing the 
explanatory gap argument (which some take to indicate that physicalism is 
wrong). 


The issue 


Our objective is to investigate whether the claims of the microphysicalist 
are warranted. In what sense are the compound systems studied in many- 
particle physics determined by their parts, studied in e/ementary-particle 
physics? Do microphysical laws govern macro-systems such as biological 
systems? Does all causation occur in virtue of micro-causal relations? Be 
that as it may, the question we have to deal with first is the following. What 
is the right place to focus on in order to be able to answer such questions? 
At the outset of Chapter | I declared my intention to analyse the relation of 
parts and wholes (in physics). But is that really the best point to start in 
order to tackle the above problems? Is there not much more to the micro— 
macro relation than the part—whole relation — in particular in the case of the 
mental and the physical? There are indeed two issues that are involved. One 
is the part-whole relation, the other is the question of the identification of 
two properties of the same system (see Figure 4.1). 

It is one question whether the mental property M and the micro-based 
physical property P are identical (which is what identity-physicalists such 
as David Papineau hold). The other question or rather the other set of 
questions concerns the relation of parts and wholes: What is the sense in 
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Mental property M of system § <———=> Micro-based physical property P of system S 
(a) 


(b) 
Properties pj, Po, p3 of the constituents of system S 


(a) Identity-physicalism: Mental property M and micro-based physical property P are identical. 
(b) Microphysicalism: Properties of the parts hegemonically determine property P of the 
compound system S (or: the laws of the parts govern the compound). 


Figure 4.1 


which the parts determine the whole? Is it true that the laws for the constitu- 
ents govern the compound? Are the parts the real causal agents? 

The identity issue is often thought to have far-reaching consequences. 
If pain turns out to be nothing but the firing of C-fibres etc., the mental 
somehow falls prey to the microphysical. I will argue that this conclusion 
presupposes the truth of microphysicalism. Identity-physicalism without 
microphysicalism on the one hand has less ontological significance than 
might be expected, but on the other hand it is also more intuitively plausible. 

Thus, the really interesting issue concerns the relation of parts and wholes, 
rather than that of identification. For this reason I will concern myself in the 
remainder of the book almost exclusively with micro-explanation (3), i.e. the 
explanation of the behaviour of compounds in terms of that of constituents. 
It is this kind of explanation that provides us with evidence about the nature 
of the part—whole relation. 

What I claim is that even if we have identified some property with a 
micro-property of the same system this identification on its own does 
not yet establish the hegemony of the microphysical. Whether or not 
microphysicalism is true is a separate question. It concerns the part—whole 
relation. 

Take the example of a biological property like being a gene or of a prop- 
erty in solid state physics like being a semi-conductor. Let us assume that it 
is possible to functionalize these properties and to argue for their (multiple) 
physical realization by providing explanations in the style of Kim, Horgan 
or Beckermann (see pp. 40-3). A particular semi-conductor, for instance, is 
realized by a compound system consisting of silicon atoms. This system 1s 
a realization of a semi-conductor because it can be shown that the charac- 
teristic features of the semi-conductor are due to the microstructure of the 
system, which consists of silicon atoms. Does this identification imply. 
that the laws that pertain to the silicon atoms govern the semi-conductor’s 
behaviour? Does it imply that the atoms are the real causal agents rather 
than the semi-conductor as a whole? Similarly, would the identification of a 
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gene with some kind of microstructure imply that it is the parts of this 
microstructure rather than the gene as a whole that have to be taken to be 
the real causal agents? These are questions that depend on the relation of 
parts and wholes. Providing a micro-based physical realization for some 
kind of property or identifying it with a‘micro-based physical property does 
not imply an answer to these questions. Mere identification does not cut any 
philosophical ice with respect to the project we are interested in, namely, 
answering the question whether micro-determination, micro-government and 
micro-causation are true. 

What I have argued for in the case of the semi-conductor or the gene and 
the micro-based physical realization pertains to the mental and the physical 
just as well. Philosophers of mind tend to focus on the identification of 
mental with physical properties in order to assess whether there is genuine 
mental causation. This is the reason why the analysis of bridge-laws is thought 
to be important. Kim, for instance, takes the explanation of bridge-laws to 
be of central importance for the problem of mental causation; Mellor and 
Crane seem to locate the issue here as well (Crane and Mellor 1990: Kim 
1998). If bridge-laws were indeed the right place to look, we should focus on 
the analysis of micro-explanation (1), i.e. the explanation of bridge-laws, in 
order to answer our questions. 

I maintain that mere identification has almost no consequences, at least 
none that are pertinent for our concerns. Here is my argument. Let us 
assume that Catherine, an acquaintance of mine from London, visits me in 
June in her fancy red Spider convertible. Half a year later Nigel, another 
London acquaintance of mine, also visits me with a fancy red Spider 
convertible. To my surprise, it eventually turns out that the two of them 
share the car. Catherine uses it Mondays to Fridays, Nigel for the weekends. 
What I took to be two distinct cars is one car only. This identification of 
objects entails nothing over and above the simple fact that there is one car 
less than J expected. The Spider is no less fancy or red. 

Second case: I recently discovered that the person that cycles along Milton 
Street every morning is identical with the person that sits behind the 
information counter in the University Library around noon. This discovery 
certainly modifies my conception of the cyclist. What I held to be true 
about the person behind the information counter I now hold to be true with 
respect to the cyclist. And vice versa — after all, identity is a symmetric 
relation. 

Third case: Hitherto we have discussed the identity of objects. Let us now 
turn to properties. Suppose we were to discover that mental properties are 
identical with some rather odd kind of properties, guental properties. Quental 
properties sit somewhere in a corner of the brain. Scientists have figured out 
that whenever someone thinks ‘beep’ there is a corresponding quental ‘beep’. 
These scientists have furthermore been able to explain how the characteristic 
features of mental properties, such as their intentionality, are due to features 
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of quental properties. If this scenario were true the identification of mental 
properties with quental properties would not yield any more changes in 
our conception of the mental than the identification of the two people in 
the previous example. For instance, if we had reasons to believe in mental 
causation before this identification had taken place these reasons are still with 
us. An identification of mental properties with quental properties cannot be 
adduced either as an argument against mental causation or as an argument 
for micro-causation. If mental properties turn out to be quental properties 
we still have all the reasons we had before to believe that there is genuine 
mental causation — and genuine quental causation as well; after all, they are 
identical. However, if systems with quental properties have parts, the ques- 
tion arises whether it is the parts that are the real causal agents. If that 
were the case genuine mental causation would be undermined. So the really 
interesting question is a question of the relation of parts and wholes. 

What this shows is that the mere identification of mental or other proper- 
ties with properties of the brain or (micro-)physical properties of whatever 
kind does not per se belittle the status of the properties in question. The 
reason why the identification of mental with physical properties is perceived 
to have far-reaching consequences for the mental is our belief that the 
mental somehow falls prey to the physical. By identifying a mental property 
with a physical property the mental becomes subject to the dictatorship of 
the proletariat. Suddenly, the mental no longer lives a life of its own, it is 
governed by physical laws. It seems to me that these claims express the 
core materialist or physicalist intuitions. Whether or not these intuitions turn 
out to be true is exactly the question at stake. The identification of mental 
(or biological or solid-state physical) with (micro-)physical properties is at 
best a necessary condition for such a claim. It furthermore depends crucially 
on whether or not micro-determination, micro-government and micro- 
causation turn out to be true. It depends on whether the behaviour or 
property of the complicated compound system that the mental, biological or 
solid-state physical property has been identified with is indeed determined 
by the behaviour of the constituents but not vice versa, and on whether the 
real causal agents — the hidden springs — are the constituents rather than the 
compound itself. It is one thing to identify mental properties (or biological 
properties or the properties of many-particle physics) with micro-based 
properties of the same system. The really interesting question is what we 
may legitimately assert about the properties of this system on the basis of 
micro-explanation (3) (part-whole explanations) and whether that forces us 
to revise our conception of the mental, the biological, etc. 

‘These issues are a question of the relation of parts and wholes. In the 
remainder we will inquire into what can be inferred about the part-whole - 
relation on the basis of the general availability of micro-explanation (3). If 
it turns out that the general availability of micro-explanations does not 
warrant micro-determination, micro-government and micro-causation then 
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the mere identification of mental or other properties with micro-based 
physical properties does not have the consequences it is usually thought to 
have. 

Having argued that the part-whole relation is what we have to analyse in 
order to be able to assess the claims of the microphysicalists we are now 
able to spell out their claims in more detail. In what follows I will take the 
theses of micro-determination, micro-government and micro-causation to 
be theses that concern the part—whole relation. 

Micro-determination as considered in the remainder of the book is a 
thesis about the relation between parts and wholes. It claims that the beha- 
viour of the parts determines the behaviour of compound systems, but 
not vice versa. This determination relation is meant to give rise to hegemony 
of the parts over the compound. Micro-determination does not concern the 
relation between two properties or two kinds of behaviour of the same 
system. It is, in particular, not meant to describe the relation between a 
micro-based property such as kinetic energy and a macro-property such as 
temperature. If not otherwise stated, in what follows ‘micro’ refers to parts 
and ‘macro’ refers to a compound. The micro—macro relation will be taken 
to be the part—whole relation. 

Micro-determination is often linked with so-called ‘mereological’ super- 
venience. How does micro-determination in the above sense relate to 
what has been called mereological supervenience, the supervenience of the 
properties of compound systems on the properties of their parts? We can try 
to make this notion analogous to Kim’s definition of strong supervenience 
of the mental on the physical, as follows: 


Properties of compound systems supervene on properties of their parts, 
in that necessarily, for any property P of a compound system, if any 
compound system has property P at time f, there exist subsystems (parts) 
with properties p, to p, that stand in relation R; to R, at t, and neces- 
sarily if any collection of parts has p, to p, that stand in relation R, to 
R, at a time the compound has P at that time. 


The question is whether the second half of this definition, i.e. the clause 
‘necessarily if any collection of parts has p, to p,, that stand in relation R, to 
R, at a time the compound has P at that time’ captures what is meant by 
micro-determination. In Chapter 6 I will argue that micro-determination 
and mereological supervenience are closely related because both postulate a 
determination relation between the behaviour of the parts and that of the 
compound. However, these claims differ with respect to two points. First, as 
I will elaborate, the behaviour of the compound system is determined by the 
behaviour the parts would manifest if they were isolated. It is determined by 
counterfactual behaviour of the parts. The supervenience relation requires 
both the behaviour of the compound and the behaviour of the parts to be 
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actual or manifest. Micro-determination — defined as the determination of 
the behaviour of the compound in terms of the behaviour of the parts — 
allows for counterfactual determination. In this respect micro-determination 
is more liberal than the supervenience requirement. I will come back to this 
point in Chapter 6. In another respect — this is the second point — micro- 
determination is less liberal than supervenience. Supervenience allows 
for mutual determination. The requirement that the subvenient properties 
determine the supervenient properties allows a determination relation to 
hold in the opposite direction as well. Micro-determination does not. It is 
supposed to explicate the hegemony of the micro-level. That excludes mutual 
determination. This point will be central in Chapter 5. 

Let me now turn to the other of the microphysicalists’ theses. Micro- 
government as understood in the remainder of the book is the thesis that the 
laws that govern the behaviour of the parts of compound systems govern 
the behaviour of the compound systems as well. What is not meant is the 
thesis that those laws that govern the behaviour of micro-based properties 
of a system also govern the correlated macro-properties of the same system. 
(The interpretation of ‘govern’ will have to wait until Chapter 6.) 

Similarly, in what follows, micro-causation is the thesis that all genuine 
causation is causation that occurs on the level of the parts. Macro-causation 
is entirely derivative and piggybacks on the causation of the micro- 
constituents. That is, compound systems have no causal capacities of their 
own. It is the parts that do the causal work. Thus, micro-causation, as I will 
discuss it, is not the thesis that true causation takes place at the level of 
the micro-based properties of systems as opposed to the correlated macro- 
properties. It is this latter question that is usually discussed, in particular in 
arguments concerning causal overdetermination. In focusing on the part-— 
whole relation I am bypassing this reading altogether. 

To repeat, in what follows I take the micro—macro relation to be the part— 
whole relation with all the implications this has for the interpretation of the 
microphysicalists’ theses. So what I am effectively doing is simply ignoring 
the identification issue by assuming — for the sake of the argument — that 
mental properties are identical with neurophysiological properties of some 
kind, that biological properties are identical with physical properties etc. 
I will come back, though, to identity-physicalism in the final chapter. 

The agenda for the following chapters is to take up each of the readings 
of the microphysicalist thesis and to analyse to what extent they are sup- 
ported by the alleged evidence (the availability of micro-explanations (3)). 
However, before turning to this project I will set my intended criticism of 
microphysicalism into perspective by relating it to two issues I will not deal 
with in the following chapters. I will relate it, first, to functionalism, accord-- 
ing to which mental properties cannot be characterized in physical terms, 
and second, to the explanatory gap argument which, according to some 
authors, indicates that there is something seriously wrong with physicalism. 
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Non-issue |: functionalism 


Functionalism was a popular view in the last few decades of the twentieth 
century because it seemed to be able to reconcile physicalist intuitions 
with the idea that the essence of mentality cannot be explicated in physical 
terms. 

Functionalism is a theory about the nature of the mind (a theory that can 
also be extended to other realms, such as the biological, etc.). It holds that 
mental properties can be characterized in terms of their functional or causal 
roles, i.e. that they can be characterized as those things that stand in certain 
causal relations to sensory inputs, behavioural output and other mental 
properties. In contrast to behaviourism these properties are thought of as 
real, non-fictional properties, endowed with causal powers. Pain, for example, 
can cause crying. 

The characterization of mental properties in terms of their causal or 
functional role does not specify how this role is realized or instantiated. 
Compare this to the case of a mouse trap. A mouse trap is a device for 
trapping mice. This causal or functional characterization leaves it completely 
open whether the device is wooden or metallic or whatever. Being a mouse 
trap allows for multiple realizations. Similarly, the functional characteriza- 
tion of pain allows for multiple realizations. Tooth-pain in elephants and 
tooth-pain in humans might very well be the same kind of pain in terms of 
their functional characterization but they nevertheless differ in terms of 
their realization. In short, functionalism allows for multiple realization. 
Strictly speaking, such a realization need not even be a physical realization. 
The pain that archangel Raphael experiences might very well give rise to 
crying in the same way that our tooth-pain does but is presumably realized 
in some kind of non-physical angelic substance. As a matter of fact, however, 
functionalists tend to think of realizations in terms of physical stuff. 
Functionalism allows them to say that every realization of a mental prop- 
erty is a realization by physical properties. The object that has both the 
mental property and its physical realizer may very well be specifiable entirely 
in terms of physics. Such a description, however, would not capture the 
essence of the mental property, which consists in being functionally related 
to inputs, outputs and other mental properties. Similarly a mouse trap might 
be entirely specifiable in terms of a physical description. It would, neverthe- 
less, be unable to capture the essence of the mouse trap, which consists 
in being a device for trapping mice. Functional descriptions cannot be 
eliminated. For this reason functionalism when tied to the assumption that 
all realizations are physical is also known as nonreductive physicalism. 

Often functionalism is taken to be a view that explicates the status not 
only of the mental but of all other kinds of non-physical properties such 
as, for example, biological, neurophysiological or economic properties. 
Functionalism explains why there are special sciences for these realms that 
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cannot be explicated in terms of physics (Fodor 1974). Even though every 
such science deals with objects that are ultimately physical objects, physics 
is, to mention just one example, unable to capture the essence of what 
it means to pay a bill. Payments may consist in entirely diverse physical 
processes. It might consist in the exchange of coins and bills, it might consist 
in the sending of a cheque or it might consist in giving your credit card 
details on the telephone. Economics tells you what these have in common 
and it does so in terms of a functionally defined vocabulary. 

The central issue in considering whether functionalism is still a viable 
option concerns the question of whether a mental, biological, economic, etc. 
property of a system ought to be identified with its micro-based realization. 
Functionalism denies this. Functionalism, therefore, concerns the identifica- 
tion issue. As I already mentioned I will — for the sake of the argument — 
assume in the remainder of the book that mental properties can be identified 
with their micro-based correlates. Similarly, I will assume that biological or 
other properties can be identified with their micro-correlates if functionalism 
is espoused with respect to them. Such an identification on its own does not 
yet cut any philosophical ice. I will investigate precisely what consequences 
such an identification would have given the general availability of part— 
whole micro-explanation. 

I am not arguing that functionalism is false. Rather, I am bypassing the 
issue. I will argue that we would have autonomous special sciences as well as 
genuine mental etc. properties and causation even if functionalism were 
false. If it turns out not to be false, so much the better. In short, function- 
alism is a non-issue because my arguments will not depend on whether 
functionalism is right or wrong. 


Non-issue 2: the explanatory gap 


It has been argued that the existence of the so-called explanatory gap con- 
stitutes a deep inadequacy of physicalism. Joseph Levine holds that there is 
an explanatory gap between the physical and the mental that is not to be 
found in other cases of putative identifications such as water and H,O (Levine 
1997: 543). Whereas, according to Levine, the explanatory gap poses an 
epistemological problem for physicalism, other authors, such as Frank 
Jackson and David Chalmers, take this argument to indicate that the men- 
tal is metaphysically independent of the physical — in contrast to the case of 
water and H,O (Jackson 1994; Chalmers 1996: 123ff.). On this metaphysical 
reading of the explanatory gap argument it is concluded that physicalism 
leaves out the mental and is therefore false. 

At the centre of the argument is the question of identification and the 
explanation of bridge-laws. The question is whether pain can be identified 
with, say, the firing of C-fibres in exactly the same way that water has been 
identified with H,O. What the argument attempts to establish is that these 
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cases are explanatorily disanalogous. This disanalogy gives rise to the 
putative problem for physicalism. 

Here is Levine’s argument. Compare the following two identity 
statements. 


1 Pain is the firing of C-fibres. 
2 Water is H,O. 


The difference Levine is highlighting is the fact that in the case of pain we 
can imagine, first, that pain is realized by another physical property (the 
multiple realization argument). Second, and more importantly, we can also 
imagine C-fibres firing without giving rise to pain. That is, we can imagine 
that pain does not supervene on the firing of C-fibres. We can conceive a 
possible world that violates the second half of the supervenience claim, a 
world in which C-fibres fail to realize pain. 

The case is different, Levine argues, with water and H,O. Again, we can 
imagine that the role that water plays in our world (boiling and freezing at 
certain temperatures, being able to quench our thirst, etc.) could be filled by 
another substance, such as XYZ in Putnam’s twin earth example.' What we 
cannot do — and this is the basis for the disanalogy — is to conceive a world 
that contains H,O but H,O does not fill the water-role. We cannot imagine 
a world in which we have H,O and nevertheless water fails to boil at 100°C, 
and fails to be transparent etc.’ 

The argument as presented by Levine is an argument about conceivabil- 
ity. We can imagine that pain does not supervene on the firing of C-fibres. If 
conceivability is taken to be a reliable indicator for what worlds are in fact 
possible Levine’s argument can be read as a metaphysical argument. Thus 
David Chalmers argues as follows. 


1 In our world there are conscious experiences. 
2 There is a logically possible world physically identical to ours, in which 
the positive facts about consciousness in our world do not hold. 
3. Therefore facts about consciousness are further facts about our world, 
over and above the physical facts. 
4 So materialism is false. 
(Chalmers 1996: 123) 


Materialism or physicalism turns out to be false because supervenience fails 
(premise 2). The physical facts fail to determine the mental facts. Chalmers’s 
argument rests on Levine’s, in that premise 2 requires that it is indeed 
conceivable that there are possible worlds in which C-fibres fire but fail to 
give rise to pain. Chalmers then argues from conceivability to possibility. 
Even though this latter step is dubious in itself it suffices to reject Levine’s 
argument in order to undermine Chalmers’s as well. 
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I agree with Levine and others that there is a disanalogy between the 
water/H,O case and the pain/C-fibre firing case. This disanalogy concerns 
whether or not we can conceive a possible world in which the micro-based 
properties are realized without their correlated counterpart. However, I 
disagree with Levine’s diagnosis as to why this disanalogy arises. 

According to Levine the disanalogy arises because there is an explanatory 
gap in the pain/C-fibre firing case that does not arise in the water/H,O case. 
We can explain why water cannot fail to boil on the basis of our knowledge 
of H,O- This kind of explanation, says Levine, makes the failure of super- 
venience inconceivable in the water/H,O case. In contrast, an explanatory 
gap in the case of pain and the firing of C-fibres does allow us to conceive 
possible worlds that allow for the failure of supervenience.* 

I will reject this argument and argue that both cases are explanatorily 
analogous. Given the explanatory equivalence the disanalogy with respect 
to what one can conceive has to arise for other reasons. 

So let me start by examining the argument for the alleged difference with 
respect to the explanatory gap. Here is an explanation that, according 
to Levine, makes it inconceivable that H,O fails to boil at 100°C at sea level. 
It is therefore an explanation that closes the explanatory gap. 


What is explained by the theory that water is H,O? Well, as an instance 
of something that’s explained by the reduction of water to H,O, let’s 
take its boiling point at sea level. The story goes something like this. 
Molecules of H,O move about at various speeds. Some fast-moving 
molecules that happen to be near the surface of the liquid have suffi- 
cient kinetic energy to escape the intermolecular attractive forces that 
keep the liquid intact. These molecules enter the atmosphere. That’s 
evaporation. The precise value of the intermolecular attractive forces of 
H,O molecules determines the vapour pressure of liquid mass of H,O, 
the pressure exerted by molecules attempting to escape into saturated 
air. As the average kinetic energy of the molecules increases, so does the 
vapour pressure. When the vapour pressure reaches the point where it is 
equal to atmospheric pressure, large bubbles form within the liquid and 
burst forth at the liquid’s surface. The water boils. 

(Levine 1997: 549) 


This is a part-whole micro-explanation of why a sample of H,O molecules 
undergoes a phase-transition under certain circumstances (micro-explanation 
(3)). It makes it inconceivable — given the relevant information about the 
molecules and their interaction — that the sample of the H,O molecules 
should not undergo a phase-transition. It is inconceivable because, given the 
relevant laws, the occurrence of the phase-transition can be deduced.* Levine 
takes something else to be inconceivable as well, namely that the water 
fails to boil. The reason is that he assumes that whenever there occurs a 
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phase-transition the water will start to boil. However, this presupposes that 
we have bridge-principles or that we know that the boiling of the water is 
identical with the phase-transition of the sample of H,O molecules. Levine 
himself acknowledges that we need bridge-principles. 


For instance, suppose I want to explain why water boils, or freezes, at 
the temperatures it does. In order to get an explanation of these facts, 
we need a definition of ‘boiling’ and ‘freezing’ that brings these terms 
into the proprietary vocabularies of the theories appealed to in the 


explanation. 
(Levine 1997: 550-1) 


Given bridge-principles it is indeed inconceivable that the phase-transition 
occurs and the water fails to boil, because on the basis of the micro- 
explanation (3) for the occurrence of the phase-transition and the identi- 
fication of, or bridge-law for, the boiling of the water and the occurrence 
of the phase-transition we can deduce that the water will boil. Without 
bridge-principles or identity statements we never get from what we know 
about H,O to the boiling of water. Without bridge-principles or identity 
statements there is an explanatory gap even in the case of water and H,O. 

What would an analogous explanation in the pain/C-fibre case look like? 
We can take Levine’s characterization of such a reduction/explanation as a 
starting point. 


Notice that on this view explanatory reduction is, in a way, a two-stage 
process. Stage | involves the (relatively? quasi?) a priori process of 
working the concept of the property to be reduced ‘into shape’ for 
reduction by identifying the causal role for which we are seeking the 
underlying mechanisms. Stage 2 involves the empirical work discovering 
just what those underlying mechanisms are. 

(Levine 1997: 551) 


With respect to the two stages he mentions the case of water and the case of 
pain are completely on a par. Stage | tells us that water is the kind of thing 
that boils and freezes.° Step 2 contains the story about the H,O molecules 
that undergo a phase-transition. The same kind of accounts can be given in 
the pain/C-fibre case. In step 1 we specify the causal role or the characteris- 
tic features of pain. Step 2 is a story about the details of the C-fibre firing. 
The cases are completely analogous. Suppose that we want to explain a 
characteristic feature F of pain. The explanation will refer to some feature 
G of the C-fibre firing. As in the water/H,O case we have an explanatory 
gap as long as the relevant bridge-principles are missing. However, given a 
bridge-principle that links F and G, the gap is closed. On the basis of this 
information it can be deduced that feature F of pain has to occur. Both cases 
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are explanatorily equivalent. There is a gap as long as bridge-principles are 
missing. There is no such gap if they are available. Levine’s diagnosis of why 
the disanalogy with respect to conceivability arises is therefore inadequate. 

Let me present an alternative diagnosis. In order to exclude the conceiv- 
ability of a sample of H,O that does not fill the water-role we need bridge- 
laws. It is only if we believe in bridge-laws that it becomes inconceivable 
that H,O does not fill the water role. And these bridge-laws have to hold 
with either nomological or logical necessity (depending on how you under- 
stand ‘conceivability’). So, what is the evidence for the bridge-laws that we 
have in the case of water and H,O and that is lacking in the case of pain? 
Ultimately the evidence we have for water being H,O is empirical. Whenever 
we analyse a sample of water it turns out to consist of H,O molecules. Even 
the evidence for the claim that H,O fills the water-role consists in empirical 
correlations. Whenever water boils H,O undergoes a phase-transition. This 
is a more specific empirical correlation but still an empirical correlation. 
Explanations of causal roles or characteristic features of higher order 
properties rely on correlations between, say, the characteristic feature F of 
the higher order property and feature G of the micro-based property. If 
scientists were to find out that pain is similarly correlated with the firing of 
C-fibres we would be in exactly the same situation with respect to empirical 
evidence. The important point is that all the evidence we have both in the 
water and the pain case consists in nothing but empirical correlations. 

So far there is no disanalogy in the two cases under discussion with 
respect to the evidential situation. My point is that the essential difference 
between the two cases concerns our attitude to the empirical correlations. 
In the case of water we behave as sober scientists. We take the available 
evidence, i.e. the correlation between water and its boiling on the one hand 
and the sample of H,O-molecules and their phase-transition on the other to 
indicate their identity. The correlation is taken to indicate an identity and 
the identity in turn makes the bridge-principle true in all possible worlds. 
Thus, the fact that we take the correlation to indicate an identity makes 
it inconceivable that H,O does not fill the water-role. However, there is 
nothing that compels us to interpret the evidence that way. Given the available 
evidence it is still a tenable view that the bridge-principles hold in this world 
only. It is not contradictory to believe that water and H,O are correlated 
as, for example, parallelists conceive of the relation of the mental and the 
physical. As a matter of fact, however, when we are dealing with scientific 
identity claims we are not arguing along these latter lines. We think that 
the empirical correlations are sufficient to prove that light is identical with 
electromagnetic waves even though an emergentist or parallelist account is 
still conceivable. 

‘The case is completely different as soon as it comes to mental properties. 
In this case we are very hesitant in making identification claims because it is 
our conception of ourselves that is at issue here. From the seventeenth 
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century onwards there has been a long tradition of developing philosophical 
theories concerning the relation of mind and body. These theories (occa- 
sionalism, psycho-physical parallelism, etc.) were not only expected to be 
empirically adequate but to ensure free will, the immortality of the soul 
and maybe other desiderata. Even today we are afraid that by identifying 
the mental with the physical the mental falls prey to the physical or the 
microphysical, and that it will be governed by microphysical laws, etc. The 
point is that in such an angst-ridden context philosophers and theologians 
envisage all kinds of possibilities one would never envisage in the case of 
water and H,O. We do not really care about whether the behaviour of a 
sample of water is determined by that of H,O molecules because it does not 
affect our conception of ourselves — in contrast to the case of pain and 
mental states in general. 

Even if pain and C-fibre firing were indeed identical all the evidence we 
could possibly have would be some kind of a correlation. The evidence, i.e. 
the correlation, would not rule out the conceivability of possible worlds in 
which C-fibres fire without giving rise to pain. Thus, possible worlds in 
which C-fibres fire without giving rise to pain would be conceivable even 
if they were, as a matter of fact, impossible due to the identity of pain and 
C-fibre firing. 

The punch line is this. In the case of water we take the correlation as 
evidence for the truth of the claim that water is H,O because there is no 
point in not doing so. In the case of pain we are confronted with exactly the 
same evidential situation. However, owing to the consequences that seem 
to be involved our attitude towards this evidence is quite different. In the 
case of pain correlation is not taken to indicate identity. The bridge-laws in 
question are therefore not taken to be necessary. 4 fortiori, the explanations 
that rely on these bridge-laws cannot rule out the conceivability of worlds 
in which the physical constellations do not give rise to the same mental 
phenomena they are correlated with in this world. 

Thus, the explanatory gap argument and related arguments that appeal to 
conceivability are a non-issue for my attempt to criticize microphysicalism 
because, first, the gap does not concern the part-whole relation and, second, 
these arguments fail to be conclusive. 


Chapter 5 


Micro-determination 


In the next three chapters I will examine to what extent the theses of 
micro-determination, micro-government and micro-causation are supported 
by the success of micro-explanation. These discussions will be based on our 
analysis of micro-explanation of laws that pertain to compound systems 
in terms of laws that pertain to their parts. As I argued before, micro- 
explanation (3) is the only plausible candidate for the job of providing 
evidence for microphysicalism. 

Micro-determination claims that the behaviour of the parts determines 
the behaviour of compound systems, but not vice versa. In this respect 
micro-determination is less liberal than supervenience. Supervenience allows 
for mutual determination. The requirement that the subvenient properties 
determine the supervenient properties allows a determination relation to 
hold in the opposite direction as well. Micro-determination does not allow 
determination in both directions. It is supposed to explicate the hegemony 
of the micro-level. That excludes mutual determination. 

Turning to the issue of micro-determination in this chapter, the first thing 
we have to investigate is the question to what extent the microphysicalists 
are justified in drawing ontological conclusions from our explanatory practice. 
Recall that Kim and Klee agreed that micro-determination rationalizes our 
micro-explanatory practice. In the words of Klee, 


Micro-explanation is powerful in virtue of the fact that when a level of 
organization within a system can be explained in terms of lower-levels 
of organization this must be because the lower-levels (i.e. the micro- 
properties) determine the higher-levels (i.e. the macro-properties). This 
is why micro-explanation makes sense — the direction of explanation 


recapitulates the direction of determination. 
(Klee 1984: 59-60)! 


I will call the last claim, ie. the claim that the direction of explanation 
recapitulates the direction of determination ‘Klee’s dictum’. 


72. Micro-determination 


In the first half of this chapter I will deal with the question whether it 
should be conceded to the microphysicalists that the obtaining of a determina- 
tion relation is a necessary condition for an explanation to be successful. 
In the second half I will turn to micro-explanation and the question whether 
the determination relation involved is of the right kind for microphysicalism 
to be true. 


Explanation 


Jaegwon Kim has advanced a view that he dubbed ‘explanatory realism’. 
This view will serve as a suitable starting point. Explanatory realism is the 
view that explanation can only be successful if an objective relation obtains 
— a relation that makes the explanation work. The relation is called 
‘objective’ because it is supposed to be mind-independent in the sense that 
obtaining it is in general independent of whether epistemological, doxastic 
or other psychological states exist, unless the relation is instantiated by 
such states.’ I will argue that Kim’s claim is plausible as long as it is con- 
strued as an abstract claim. To this extent we have to make a concession to 
the microphysicalists. However, the specific relation that an explanation 
relies on has to be determined in every single case at hand, at least for 
certain types of explanation. The ontological conclusions to be drawn from 
our explanatory practice will depend largely on the specific nature of these 
relations. 

Let us have a look at some paradigmatic examples of explanation. Our 
first example is the causal explanation of an event. A typical case where we 
ask for the explanation of an event is a car accident. Why did it happen? 
Maybe the driver was drunk, the tyres were bald, a rabbit suddenly crossed 
the road; maybe all of these facts were relevant. To explain such an event 
is, as David Lewis put it, ‘to provide some information about its causal 
history’ (Lewis 1986a: 217). There are a lot of events in the history of the 
explanandum event that are causally relevant, such as the driver’s 
early childhood which eventually disposed him to drink. All of these can be 
adduced to explain the car accident. 

The second example is micro-explanation: Why is it that the specific 
heat of the metal is such and such? Well, a metal can be thought of as a 
compound system containing a crystal and an electron gas. There is the 
contribution of the electron gas and the contribution of the crystalline 
structure that add up to specific heat of the metal. 

The third example concerns subsumption under laws. Kepler’s laws have 
been explained through Newton’s theory of gravitation. They have been 
subsumed under his law of gravitation. 

Then there is mathematical explanation. Example 4: Why is it that the 
sum of the interior angles of a triangle is 180°? Draw a parallel line to one of 
the sides of the triangle through the opposite corner. By the equivalence of 
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the opposite angles and the equivalence of the corresponding angles you can 
explain why the sum is equal to two right angles. 


Determination 


An explanation can be taken to consist of a set of propositions all of which 
are taken to be true. For the explanation to work I have to believe that both 
the explanandum-proposition and the explanans-proposition are true. That, 
however, is not all there is to explanation. The mere truth of the explanans- 
proposition does not ensure that the explanation works. The explanans- 
proposition has to have the right bearing on the explanandum-proposition. 
Given the explanans-proposition the explanandum-proposition has to be true. 
I might, for instance, know that, first, a certain person died and that, second, 
she had lung cancer. That does not entail that I know that she died because 
she had lung cancer; after all she might have died in a car accident. So the 
mere truth of the explanandum proposition and the explanans-proposition 
does not suffice. The ‘because’ points to an additional condition that has to 
be fulfilled. The explanans-proposition has to have the right bearing on the 
explanandum-proposition. I believe that the person in question died because 
she had lung cancer if I have reasons to believe that the lung cancer brought 
about the death of the person in question. In the particular case at hand 
I need to know, first, that the lung cancer causes (premature) death and, 
second, that no other cause pre-empted lung cancer as a cause for death. 
Whether or not such a relation obtains is something that has to be figured 
out empirically, for example, in an autopsy. What the example shows is that 
in a successful explanation the explanans-proposition has to determine the 
truth of the explanandum-proposition, 1.e. it has to be the case that the 
latter is not only true but also necessarily true, given the truth of the former. 
(I will say more about the necessity relation involved, shortly.) In this 
particular case it is the causation relation that ensures the determination. 
Lung cancer caused the premature death of the person in question. 

For an explanation to work it has to be shown that on the basis of 
certain assumptions (facts, laws, principles, propositions) the explanandum 
is determined to be the way it is plus it has to be checked whether such a 
determination relation does indeed obtain. For an explanation to work it 
is thus a necessary (though not, in general, a sufficient) condition that a 
determination relation is instantiated. This is what the microphysicalists are 
claiming and I think their contention can be vindicated. Successful explana- 
tion relies on the obtaining of a determination relation. 

So what exactly is a determination relation? A determination relation is 
whatever makes the explanandum (in some sense) necessarily true given the 
truth of the explanans. The determination relation is thus a modal relation. 
That is to say, given certain events, facts, laws, principles, the explanandum 
necessarily has to be the way it is: 
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(D) # explanans-proposition — explanandum-proposition 


Any ontological relation that ensures that (D) is true will be counted as a 
determination relation. Condition (D) is still fairly vague because nothing 
has yet been said about what the symbol * is supposed to represent, 1.e. 
about what kind of necessity is involved in determination. It has been left 
vague deliberately. The reason is that there is more than one way that the 
determination condition (D) might be ensured. Different determination rela- 
tions might come along with different kinds of necessity. This becomes evident 
if we reconsider the various examples presented in the last section. 

In the mathematical example * stands for logical necessity. Given the 
equality of the opposite angles as well as that of the corresponding angles 
plus the definition of a triangle, it is logically necessary that the sum of the 
interior angles of a triangle is 180°. Even though logical necessity is not 
explicitly appealed to in the explanation it is clearly presupposed. Mention- 
ing mathematical propositions that do not collectively entail the proposition 
we are interested in would clearly not count as an explanation even if we 
take the propositions to be true. It is /ogical necessity that ensures the truth 
of (D) in the case of a mathematical explanation. 

With respect to the explanation of Kepler’s law we have the following: 
Given the positions of the sun and the planets in the solar system Newton's 
law of gravity determines that (an analogue of) Kepler’s laws obtains. So, it 
is a law of nature that ensures the truth of (D). Consequently * should here 
be read as nomological necessity. The explanandum-proposition is necessarily 
(in the sense of nomological necessity) true because a nomological relation 
instantiates the determination relation. 

In the case of micro-explanations, as for instance in the second example, 
given the behaviour of the parts the behaviour of the compound system 
is determined. Whether this involves the kind of relation the microphysical- 
ist was looking for remains to be determined. It will be dealt with later on 
in this chapter. Be that as it may, if the behaviour of the parts did not 
make the behaviour of the compound necessary (in some sense), mentioning 
the behaviour of the parts would be beside the point. Successful micro- 
explanations entitle us to believe that some kind of determination relation 
between parts and whole does indeed obtain. 

In causal explanations we rely on the relation of causation. We adduce 
causes as explanatory because we assume that causes in general necessitate 
their effects. The car accident had to occur given the driver’s drunkenness, 
the rabbit, all the other circumstances plus non-interference by other causes. 
What is important for us is that the event cited has to be part of the causal 
history of the event. Not just any event in the history of the explanandum- 
event can be adduced as an explanans-event. If someone mentioned the 
event of a leaf falling into the back of the car the morning before the car had 
its accident, she would surely be asked to establish that a causal relation 
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obtains between this event and the accident. In the absence of such a causal 
relation the event in question would be explanatorily irrelevant. The success 
of a causal explanation presupposes a causal relation to obtain that ensures 
the truth of (D). Conversely, we can be assured of the obtaining of a causal 
relation that determines the explanandum to be the way it is, whenever we 
deal with a successful causal explanation. 

What these examples indicate is that a successful explanation requires a 
determination relation to obtain. A fortiori we are justified in believing that 
such a relation obtains whenever we are confronted with such an explanation. 
We thus ought to hold explanatory realism true. 

Klee backed up his argument for micro-determination by claiming: 


The intuition behind this is that when we have something explained to 
us we understand it, and a large part of understanding something is 
knowing how it is determined. 

(Klee 1984: 60) 


As far as this particular claim goes Klee has been vindicated by the above 
argument. 


A note on the pragmatics of explanation 


Bas van Fraassen has elaborated a pragmatic account of explanation in order 
to support constructive empiricism, his brand of anti-realism. So it might seem 
that a pragmatic account of explanation and explanatory realism are irre- 
concilable. This is indeed the case if one buys a// of van Fraassen’s account. 
However, most of the pragmatic features of explanation can be perfectly 
accommodated with explanatory realism. Where conflict arises van Fraassen’s 
account does not seem to be entirely convincing and ought to be amended. 

Let me briefly outline the salient features of the pragmatic account. 
Explanations are considered to be answers to why-questions and are deter- 
mined by three factors (van Fraassen 1980: 143): 


ssn ThetopiceP; 
« )Dheicontrast-classexH\{PiePy ioe Py”. 85} 
¢ The relevance-relation R 


If the question is — to use van Fraassen’s example — why the conductor is 
warped, the proposition that the conductor is warped is the topic FP, of the 
question. The topic of the question is what has usually been regarded as the 
explanandum. 

The two other determining factors deal with context-dependent features 
of explanation. The contrast class is meant to contain some alternatives that 
might have been the case instead of P,. Thus, the contrast class X might 
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contain the proposition that the conductor has retained its shape. On 
another occasion it might contain propositions stating that some other con- 
ductor is warped rather than the one that is referred to in PF. 

Even when the contrast-class is fixed the question will still depend on 
further contextual factors. Thus it depends on what the questioner considers 
to be explanatorily relevant. If, for example, the question is why the con- 
ductor is warped rather than containing its shape, the questioner might be 
interested in the cause of this event (‘events “leading up to” the warping’ as 
van Fraassen puts it to avoid causal vocabulary). He might be interested in 
certain parts of the causal history rather than in others. Or the request 
might be for a functional explanation of the warping in the operation of the 
power station. The explanatory relevance is also called ‘the respect in which 
a reason is requested’ (van Fraassen 1980: 141-2). 

An explanation that is a proper answer to one of these questions can now 
be constructed to have the form: 


P,. in contrast to (the rest of X ) because of A 


According to van Fraassen four things have to be assumed for the above to 
be an adequate answer. P, has to be true.* The alternatives in Y have to be 
false. A has to be true.* Furthermore A has to be relevant to the question 
(van Fraassen 1980: 143). 

These four conditions as well as the whole framework outlined above 
are perfectly compatible with explanatory realism provided the relation of 
explanatory relevance is taken to presuppose some kind of determining 
relation. This is what van Fraassen explicitly denies. He denies that the 
word ‘because’ points to any modal or counterfactual element. ‘[T]he claim 
is merely that A bears relation R to <P,, X>’ (van Fraassen 1980: 143). 

It has been argued that the lack of constraints placed on the relevance 
relation allows far too many relations to establish relevance between A and 
<P,, X> (Kitcher and Salmon 1987). The conclusion that Kitcher and Salmon 
have drawn from this observation is that van Fraassen’s theory of explana- 
tion needs to be supplemented by such constraints. 

This fits perfectly with what I have argued for. For an explanans- 
proposition A to be relevant for the explanandum-proposition P, it has to 
rely on a determination relation such as, for instance, causation or a 
nomological relation. Not just any relation is explanatory, it needs to be a 
determination relation. It thus seems that the pragmatic account of explana- 
tion can be improved by embracing explanatory realism.° 


Underdetermination 


Accepting explanatory realism seems to be tantamount to the admission 
that the microphysicalists’ claim concerning micro-determination has been 
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vindicated. But this vindication is spurious. Despite the impressive label 
attached to this view it is a rather unspecific claim. Given the truth of 
explanatory realism all we know is that there is something, some kind of 
relation that ensures the truth of (D). Explanatory realism does not give us 
the least clue as to what the nature of this relation might be. It entails much 
less than the microphysicalist might have hoped for. I will show that the 
microphysicalist has to argue for the obtaining of a hegemonic determina- 
tion relation in order to ensure the fundamentalism Pettit has in mind. But 
micro-explanation supports determination simpliciter. It fails to support 
hegemonic determination. | 

Let me illustrate the claim that explanatory realism gives us no more than 
a very generic determination relation by way of some examples. Let us, for 
instance, assume that I explain my falling asleep yesterday afternoon by my 
having taken Valium. Explanatory realism tells us that there is something 
that determined that I fell asleep after I took the Valium pill, given the 
explanation is considered to be a genuine explanation. It does not tell us 
what kind of relation obtains, whether it is causal, nomological, logical or 
whatever. Thus, the nature of the determination relation in question is left 
undetermined. 

Let us assume that we have found out that it is a causal relation (e.g. by 
figuring out that the right kind of counterfactuals hold). The determination 
relation in question is still undetermined. For, if we suppose that there is a 
multilayered conception of reality that allows for causal capacities at all 
levels, explanatory realism does not specify where to locate the determina- 
tion relation. Is there an irreducible dormitivity property in the Valium that 
causes me to fall asleep? Or should we locate the causation at the level of 
atoms or molecules that constitute the Valium? 

Here is another illustration of the underdetermination of the determina- 
tion relation by explanatory realism. According to the Boyle—Charles law 
ideal gases conform to the equation pV = RT. Suppose that for whatever 
contextual reasons you explain that the temperature of a particular gas has 
a certain value on the basis of the values for pressure and volume. What you 
rely on is a determination relation: 


* pressure, volume — temperature. 


The values of pressure and volume determine that of temperature. Let us 
take into consideration Klee’s dictum, i.e. the claim that the direction of 
explanation recapitulates the direction of determination. It implies that there 
is a direction to the determination relation — a determination that goes from 
pressure and volume to temperature. If there were this kind of direction to 
the determination relation one could claim that pressure and volume. 
hegemonically determine temperature. However, that is clearly not the case. 
Thanks to the equation pV = RT we know that it is also the case that the 
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values of temperature and volume determine that of pressure, or the values 
of temperature and pressure that of volume: 


# pressure, temperature > volume. 


* temperature, volume — pressure. 


The determination relation does not give rise to hegemony of pressure and 
volume over temperature simply because the same kind of determination 
relation obtains between any two of the free variables and the third. The 
ideal gas law gives rise to all kinds of determination not just to the one that 
the explanation of temperature in terms of volume and pressure relied on. 
The determination relation is non-hegemonic. 

So, here we have a further instance of the underdetermination of the 
determination relation. The uni-directionality of explanation is compatible 
with the fact that the underlying determination relation is itself non- 
directional. Klee’s argument from the success of micro-explanation to 
micro-determination turns out to be a non sequitur because explanation 
provides evidence for the obtaining of a determination relation but fails to 
provide evidence for the obtaining of a hegemonic determination relation. 
Klee’s dictum turns out to be false as a general claim. The direction of 
explanation does not generally recapitulate the direction of determination. 
The underlying determination relation may even be non-directional. Whether 
or not the underlying determination relation gives rise to the hegemony of 
the micro-level has to be figured out in the particular case at hand. 


Hegemony 


Given the truth of explanatory realism some kind of determination relation 
has to obtain to ensure condition (D) in the case of part-whole micro- 
explanation. The microphysicalist holds that this determination relation gives 
rise to a hegemony or ontological priority of the micro over the macro, i.e. 
of the parts over the compound. The notions of hegemony and of ontological 
priority are difficult to spell out in detail and I will make no attempt to do 
so. However, the claim that the determination relation is such that it gives 
rise to some kind of priority of the micro over the macro is clearly essential 
for the microphysicalist’s thesis. 

Implicitly I have made use of a criterion for hegemony in discussing the 
example of the ideal gas law in the last section. Let me state it explicitly. 
The minimal (necessary) condition to make feasible a hegemony claim on 
the basis of a relation is the following: 


(H) In order to establish the hegemony of B, C, D, etc. over A — on 
the basis of relation R — it is a necessary condition that R is not 
invariant under permutation with respect to determination. 
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Mere supervenience is compatible with both hegemonic and non-hegemonic 
determination relations.° Micro-determination requires a hegemonic deter- 
mination relation to explicate the priority of the micro-level. With respect to 
the metaphor of the dictatorship this condition is meant to capture the 
following idea: Nobody can be a dictator who stands in the same relations 
to the rest of the population as everybody else. 

The ideal gas law failed on this criterion because it is invariant under 
permutation with respect to determination: According to the ideal gas law 
any two of pressure, volume and temperature determine the third. If the 
determination relation is non-directional, as it is in this case, it fails to give 
rise to hegemony. 

With minimal condition (H) at hand we are now able to turn directly to 
the case of micro-explanation. 


Micro-explanation and micro-determination 


According to our argument on pp. 77-8 an inference from the 
uni-directionality of explanation to the uni-directionality of the underlying 
determination relation is a non sequitur. The fact that in a micro- 
explanation we explain the behaviour of the compound in terms of that 
of the micro-constituents and not the other way round does not entail that 
the determination relation between the micro-level and the macro-level is 
such as to give rise to the hegemony of the micro-level. 

However, even if Klee’s argument is a non sequitur we still have to consider 
whether his conclusion is true. It may still be the case that micro-determination 
is true, i.e. that the behaviour of the micro-level determines that of the macro- 
level hegemonically. We need to have a closer look at our particular case. 

In Chapter 3 we characterized micro-explanation (3) (that is what we 
are concerned with here) as the explanation of the (lawful) behaviour of 
compound systems in terms of (1) general laws about how the constitu- 
ents would behave in isolation and (2) laws of composition and (3) laws of 
interaction. On the basis of this analysis we are now in the position to pin 
down the exact nature of the determination relation that is involved in 
micro-explanation. The behaviour of the compound is determined by the 
behaviour of the parts in virtue of the general laws of composition. (For the 
sake of simplicity I will disregard interaction terms.’) In micro-explanation 
it is a law of composition that ensures the truth of condition (D). Thus, 
the determination relation in question is a nomological relation.* Given the 
behaviour of the parts it is the laws of composition that make the behaviour 
of the compound nomologically necessary. 

What does that tell us about the nature of the determination relation? The 
law of composition for quantum mechanics, quoted on p. 38, gives us a pre- 
scription for the Hamiltonian that determines the behaviour (the dynamics) 
of a compound system. In the absence of interactions we have, strictly 
speaking, the following: 
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Hom = H, @1, @1,...@1, +1, @H, @1,...@h,+ 
...1,@L8h...@H, 


The indices refer to the subsystems and I, is the identity operator for the 
n-th subsystem’s Hilbert space. However, nobody really uses such a cumber- 
some formula. Instead we typically encounter the considerably simpler 


Homp = H,+ Hy, +... H,. 


It should, however, be clear that the former is the more explicit formula. Be 
that as it may, we are now in the position to answer the question whether 
the determination relation in the case of micro-explanation fulfils the minimal 
hegemony condition (H). Let us consider the case of a compound consisting 
of three subsystems. Thus we have H..,, = H, + H, + H;. The law of com- 
position gives rise to this formula for the Hamiltonians. It ensures that the 
behaviour of the subsystems (H,, H, and H; respectively) determines the 
behaviour of the compound (H gomp)- 


# H,, Ho, H; > Hoomp- 


More explicitly: We have the following laws for the temporal evolution or 
dynamics of the subsystems and the compound. Subsystem | behaves in 
accordance with the Schrodinger equation with Hamiltonian H,, and so 
forth. The compound system behaves in accordance with the Schrédinger 
equation with the Hamiltonian H,,,,, = H, + H, + H;. The latter law and 
thus the lawful behaviour (the dynamics) of the compound are determined 
by the laws or the lawful behaviour (the dynamics) of the subsystems, 
1.e. essentially by the respective Hamiltonians. This determination relation 
obtains in virtue of the law of composition. 

The determination relation holds because we are dealing with an equation 
and once the three Hamiltonians on the right hand side are specified so is 
the fourth for the compound on the left hand side. But obviously the same 
is true for any of the other Hamiltonians as well. If Hon». H, and H, are 
given, H, is determined according to the equation H, = H —H,-— H,, and 
so forth. 


comp 


* H,, H, Hem > Ho. 


comp 
Each of the four is determined as soon as the other three are fixed. The 
quantum-mechanical law of composition, which is the basis for the equation 
for the Hamiltonians, does not give rise to a hegemony or an ontological 
priority of the subsystems over the compound system. The relation between 
the sub-systems and the compound violates the minimal condition for 
hegemony (H). The law of composition fails to fulfil this criterion because 
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it is invariant under permutation with respect to determination: According to 
the law of composition any three of the Hamiltonians involved determine 
the fourth. 

What does this violation of the hegemony condition (H) amount to? The 
fact that the determination relation that is presupposed in micro-explanation 
(3) in quantum mechanics (the case of classical mechanics is analogous) is 
non-hegemonic, implies first that the success of micro-explanation (3) does not 
warrant micro-determination. There is no argument for an ontological prior- 
ity of the micro-level. On the contrary, we have an argument for the claim that 
parts and wholes in physics determine each other mutually. The success of 
micro-explanation (3) does not only fail to provide evidence for micro- 
determination, it provides evidence for the falsity of micro-determination. 


Objections and replies 


One might raise the following objection to the above argument. The relation 
between the whole and the parts is surely asymmetric in so far as it allows 
for multiple realization. Take the example of an ideal gas. The specific 
molecular arrangement determines the macro-parameter, such as pressure, 
temperature, etc. But given a complete set of macro-parameters, the molecu- 
lar arrangement is largely undetermined. There is a multitude of disparate 
molecular states that all correspond to the same macro-state. This example 
shows that micro-determinism is still at work. The behaviour of the parts 
determines the behaviour of the compound but not vice versa. There is a 
one—many relation between the macro-level and the micro-level. 

There is indeed an asymmetry between the compound on the one side 
and the subsystems on the other: an asymmetry that is due to the one-many 
relation or multiple realization it allows for. However, this kind of asym- 
metry is not the kind of relation the microphysicalists are looking for. The 
reason it is not that kind is that the multiple realization relation does not 
fulfil (H), i.e. the minimal condition for hegemony. 

Let me illustrate this through a simple example. Let us assume we are 
dealing with a compound massive system consisting of three subsystems. 
We are only interested in mass. Leaving out relativistic effects we know that 
the mass of the compound (m,) adds up as follows: 


(M) m,+m,+m,=m, 


Thus, (M) is our law of composition for our three masses: m, character- 
izes the compound or macro-system whereas m, to m, characterize the 
constituents or micro-systems. Let us assume that the compound system has 
a mass of 17 kg. This value is compatible with a plethora of values for m, _ 
to m, — 1kg/5kg/1 lkg, 6kg/6kg/5kg, 7kg/6kg/4kg. All these micro-states are 
compatible with a macro-state of 17 kg. We have a one—many relation 
between the compound and its constituents that seems to undermine the claim 
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that the micro-macro-determination is non-hegemonic. However, the same 
kind of one-many relation occurs if we fix a value for one of the constitu- 
ents, say m,. If m, is fixed at 5kg that is compatible with an infinite number 
of values for m, to m,: 5kg/5kg/15kg, 6kg/6kg/17kg, 3kg/7kg/15kg. All of 
them will do because m, is the only value that is fixed. This kind of one— 
many relation does not pertain to the micro—macro relation exclusively. The 
fact that the compound has a certain mass value is compatible with lots of 
value distributions for the subsystems. But that does not single it out as some- 
thing special. With respect to determination the law of composition (M) is 
invariant under permutation. Therefore minimal condition (H) is violated. 

The laws of composition give rise to equations that allow us to calculate 
the behaviour of the compound on the basis of the behaviour of the constitu- 
ents. (Calculation presupposes determination of the relevant magnitudes.) 
They equally allow us to calculate the behaviour of the constituents given 
the relevant information about the compound and the other constituents. 
Whenever we have three values in (M) we can calculate the fourth value. In 
this respect there is nothing special about m,, the value for the macro-state. 
With respect to determination all of the values are on a par. In this sense the 
laws of composition (in quantum mechanics as well as in classical mechanics) 
are impartial with respect to the micro and the macro. 

The fact that the values for the compound as well as those for the parts 
are on a par with respect to determination is exploited whenever the 
unknown contribution of a subsystem is calculated on the basis of the known 
behaviour of the compound and the other subsystems. The calculation of 
the specific heat of electrons in a metal is such an example (a short discussion 
of this case comes towards the end of this section). 

A second objection might be raised against the argument in this chapter. 
It brings to light a dilemma in the account of explanation I have given. 
Suppose I take the determination relation between the events, facts, laws, 
principles cited in the explanans to be sufficient for explanation (the first 
horn of the dilemma). I then run into the well-known difficulties of the 
DN-account. There is, for example, a two-way determination relation between 
the length of a flagpole and the length of its shadow. Explanation, however, 
is one way only, from the length of the flagpole to the length of the shadow. 
I agree. Thus, I agree that the determination relation is not the whole story 
about explanation. In the case of the flagpole causation is essential. The 
length of the flagpole causes the length of the shadow. This is why explanation 
works in one direction only. 

A fortiori, | take the non-hegemonic determination relation to be a neces- 
sary, but — in general — insufficient condition for explanation. However, this 
move generates another problem. Here is the second horn of the dilemma: 
If the non-hegemonic determination relation is a necessary but not a suffi- 
cient condition for explanation the microphysicalist might claim that it 
needs to be supplemented, as in the case of the flagpole example. After all, 
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Peter Smith’s claim, for instance, was that the behaviour of the parts causes 
the compound’s behaviour. His claim, if conceived as a supplementation, 
seems to be perfectly compatible with the holding of a non-hegemonic deter- — 
mination relation between the parts and the whole. 

The main line of my rejoinder is this: Admitting that supplementation by 
a stronger ontological relation is possible in some cases does not imply that 
it is feasible for every kind of explanation. Whether or not such a supple- 
mentation is a reasonable move depends on the kind of explanation in 
question. I will argue that an ontological supplementation in the case of 
the relation of parts and wholes cannot be warranted by recourse to the 
physical description of this relation. Thus, in this particular case determina- 
tion is not only necessary but sufficient for explanation. 

But let me turn to causation first. One thing that needs to be said is that 
causation is not the best candidate for establishing an ontological hierarchy 
of the kind the microphysicalist envisages — unless one argues along the lines 
of Plotinus and the concept of emanation. Causation certainly reflects some 
kind of order but it seems to be temporal rather than anything else. Take the 
example of two billiard balls. One billiard ball changes another billiard 
ball’s path. The behaviour of the first ball determines that of the second and 
vice versa. There is no reason to suppose that the cause gua cause has any 
kind of ontological priority over the effect. Thus, the first point is that 
causation on its own does not give rise to the kind of hierarchy or order the 
microphysicalist seeks to establish. 

This leads me to my second point. Time seems to be crucial for causation. 
We can leave it open whether causation merely reflects or whether it estab- 
lishes temporal order. The essential point is that causal processes are usually 
thought of as temporal processes (even in backward-causation).’ Thus, a 
physical description of a causal process ought to invoke the time parameter. 
However, the physical description of the part—whole relation fails to 
mention time. The laws of composition cannot be classified as succession 
laws. Therefore the physical description of the part—-whole relation does not 
allow for the supplementation of the non-hegemonic determination relation 
by a causal relation. In this respect the flagpole example is different. In the 
case of the flagpole the physical description incorporates causal processes. 
The geometrical laws of optics that go into the explanation of the length of 
the shadow are a simplified model for the light-waves that travel through 
space. The propagation of the light waves is a causal process. There is no 
analogous process in the case of the part-whole relation. 

This seems to me to be a more general point with respect to the part— 
whole relation. I do not see how — on the basis of the physical description — 
the non-hegemonic determination relation could be supplemented so as 
to yield the hierarchical relation between parts and wholes that the 
microphysicalist is looking for. Causation is certainly not a viable candid- 
ate. One might of course simply posit such a relation. But the question at 
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stake is whether micro-explanation provides evidence for an ontological 
relation so that the microphysicalist claim that there is an ontological priority 
of the micro-level is vindicated. That does not seem to be the case. 

If the feeling remains that the behaviour of the compound results from 
the behaviour of the subsystems in a way that the behaviour of a subsystem 
does not result from the behaviour of the compound and those of the other 
subsystems it has to be concluded that this feeling is unfounded. ‘Resulting’ 
seems to be the wrong concept to invoke, anyway, since it appeals to causal 
intuitions. 

Let me turn to a related objection. The flagpole example is considered to 
be a valid counter-example to Hempel’s DN-account of explanation. The 
reason is that according to his account both the following turn out to be 
valid explanations: the deduction of the length of the flagpole on the basis 
of the length of its shadow and the deduction of the length of the shadow on 
the basis of the length of the flagpole (plus the laws of geometrical optics, 
etc.). Nevertheless, it is generally accepted that only the latter ought to be 
considered as a genuine explanation. It is this general acceptance of the one 
as an explanation but not the other that constituted the problem for Hempel. 
The lesson that has been drawn from this is that the DN-account over- 
looked an important feature which was responsible for the one being an 
explanation and the other’s failure, namely causation. 

By the same token I run into a difficulty. I argued that in the case 
of micro-explanation the only ontological relation that is relevant for the 
explanation’s success is the non-hegemonic determination relation. The 
problem is that it allows for both, the explanation of the compound’s beha- 
viour in terms of the behaviour of the parts as well as the explanation of 
one of the part’s behaviour in terms of that of the compound and the other 
parts. Nevertheless, it seems to be generally accepted that only the first 
ought to be considered as a genuine explanation. Thus I seem to have left 
out of the picture a crucial feature — a feature that is responsible for the one 
being an explanation and the other failing to be one. 

The following example will illustrate this objection. It is commonly 
accepted that some components of compound systems cannot be isolated, 
or that it is at least very difficult to do so. Electrons in a metal are a case at 
hand. Let us assume that someone is interested in why the contribution of 
the electrons to the specific heat is thought to be of a certain order. There is 
then a fairly straightforward way of determining the order of the contribu- 
tion of these subsystems. Take, for instance, the electronic contribution to 
specific heat. Standardly it is calculated on the basis of the specific heat of 
the compound system, i.e. the metal. The metal consists of the crystalline 
structure and the electronic subsystem. So, in order to calculate the elec- 
tronic contribution you subtract the crystalline contribution from the overall 
specific heat of the compound system. What is made use of in this simple 
procedure is the fact that the behaviour of the subsystem (the electrons) is 
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determined by the compound system’s behaviour and the second subsystem’s 
behaviour via the laws of composition. The specific heat of the compound 
system (the metal) is determined by the following law of composition (for 
scalars): 


(Cl) Cretal = Corystal ae Cetectrons 


It allows us to calculate the specific heat of the electronic contribution as 
follows:- 


(C2) Celectrons = Cmetal — Corystal 


Thus we are able to calculate the behaviour of a component on the basis of 
the determination relation, owing to the underlying law of composition. 

The generally shared intuition seems to be that what I have provided by 
relying on (C2) is a calculation of the specific heat of the electronic contribu- 
tion as opposed to an explanation. In contrast, it is said, there is nothing 
wrong in calling the calculation of the metal’s specific heat, i.e. the behaviour 
of the compound, on the basis of the contributions of the crystal and the 
electrons (C1) an explanation. 

I agree that this is the general intuition. But what does it rest on? There 
seems to be a general feeling that the subsystems bring about the com- 
pound’s behaviour whereas the compound’s specific heat minus the crystal’s 
specific heat does not bring about the specific heat of the electrons. I accept 
the second half of this claim but not the first. As I have argued before, 
notions such as ‘bringing about’, ‘resulting’ and other quasi-causal meta- 
phors are entirely inappropriate for characterizing the part—whole relation. 
The physical description does not provide any basis for these metaphors. 
The compound’s behaviour neither results from the parts’ behaviour nor is 
it brought about by them. And the same is true for the part’s behaviour with 
respect to the compound’s behaviour and the other parts’ behaviour. 

I do think that both calculations are in fact on a par. There is no objective 
feature that I left out that makes the one explanatory and the other not. We 
are willing to accept the one as an explanation because we are under the grip 
of exactly those physicalistic intuitions I am arguing against. It is because 
we tacitly assume that the parts are the real causal agents, that they bring 
about behaviour, that we take the calculation on the basis of (C1) to be 
explanatory. Confronting my account with this asymmetry is thus a petitio 
principii. 


Conclusion 


The argument in this and the following chapters is not to the effect that 
explanation and ontology should be considered as strictly separate issues. 
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Our explanatory practice is probably the best indicator of underlying 
ontological structures. The point is rather that a close examination does not 
vindicate the specific ontological claims the microphysicalists want to draw 
from our successful micro-explanations. 

Given explanatory realism we know that some kind of determination 
relation has to obtain in order to ensure our successful micro-explanations. 
The success of micro-explanation relies on a determination relation that is 
described by laws of composition. These laws turn out to be impartial with 
respect to the micro- and the macro-level. They fail to satisfy the minimal 
requirement (H) for hegemony. The claim that the direction of explanation 
recapitulates the direction of determination (Klee’s dictum) turns out to be 
false in the case of micro-explanation. The underlying determination rela- 
tion is non-directional, rather than uni-directional. Micro-explanation does 
not provide any evidence for micro-determination, or for the possibility of 
supplementing the non-hegemonic determination relation by something 
stronger. The view that the behaviour of the compound ‘results’ from the 
behaviour of the parts can be seen as a reflection of how we usually explain 
the behaviour of compound systems but not as an adequate representation 
of an underlying ontological quasi-causal relation between parts and wholes. 

The fact that a mutual determination relation obtains between parts and 
wholes implies that micro-determination is false. 


Chapter 6 


Micro-government and the 
laws of the special sciences 


“Everyone is a servant in his way,’ said Halliday. ‘There is no essential 
difference.’ ‘Only an actual one,’ said Mrs. Frost. 
(Ivy Compton-Burnett, The Present and the Past) 


In Chapter 5 I dealt with the thesis of micro-determination. I rejected the 
thesis on the basis of the nature of the determination relation that micro- 
explanation relies on. The composition laws that describe the determination 
relation do not substantiate any claims to the hegemony of the micro-level. 
In this chapter I will deal with another reading of the microphysicalist’s 
thesis, namely, micro-government. According to this thesis everything is 
governed by micro-laws. 

The thesis of micro-government questions the existence of autonomous 
macro-laws. The autonomy of the special sciences (all sciences except 
microphysics) on the other hand depends on the existence of such autonom- 
ous macro-laws. It is from this angle that I will approach the question of 
micro-government. 


Autonomy 


The autonomy of the special sciences, i.e. literally speaking, the question of 
whether the special sciences have laws of their own, is usually taken to be 
closely linked to the fate of functionalism and the argument from multiple 
realization. Thus according to Ned Block: 


For nearly thirty years, there has been a consensus. . . that reductionism 
is a mistake and that there are autonomous special sciences. This 


consensus has been based on the argument from multiple realizability. 
(Block 1997: 107) 


Jerry Fodor holds similar views: 
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So, then, the conventional wisdom in the philosophy of mind is that 
psychological states are functional and the laws and theories that figure 


in psychological explanations are autonomous. 
(Fodor 1997: 149) 


Fodor spells out autonomy in terms of reducibility: 


I will say that a law or theory that figures in bona fide empirical 
explanations, but that is not reducible to a law or theory of physics, is 


ipso facto autonomous. 
(Fodor 1997: 149)! 


The multiple realization of functional macro-properties by various 
micro-based properties is usually taken to indicate irreducibility. The reason 
is that what different kinds of realizations have in common is generally 
thought to be inexplicable on the basis of microphysics. 

Be that as it may, the essential point is that autonomy is spelt out in 
terms of reducibility. The latter, in turn, has to be read as an epistemolo- 
gical notion in the first place. (The functional properties cannot be explained 
on the basis of microphysics.) In the second place this explanatory 
independence is presumably interpreted as evidence for an ontological 
independence. (Otherwise functionalism would not be a metaphysical 
position.) 

It is not my intention to side with either conventional functionalism or 
its critics. As I indicated before, I will bypass the issue of functionalism. 
My point is rather that we do not need functionalism in order to establish 
the autonomy of the special sciences. 

Prima facie the prospects of succeeding in establishing the autonomy of 
the special sciences seem rather gloomy. The reason is that in identifying 
the micro—macro relation with the part-whole relation, I deprive myself 
of the possibility of interpreting autonomy in terms of explicability. For, 
as I argued in Chapter 3, it is very unlikely that we will ever encounter 
macro-laws that are in principle inexplicable on the basis of micro-laws. 
Nevertheless, I will argue that there is another route to the autonomy of the 
special sciences. It depends on whether sense can be made of the denial of 
the microphysicalist’s thesis that everything is governed by micro-laws. 


Micro-government 


Philip Pettit maintains that ‘everything non-microphysical is... governed 
by microphysical laws’ (Pettit 1994: 253). The credibility of his claim 
depends crucially on what we take ‘govern’ or ‘government’ to mean in this 
context. Pettit explicated his thesis as follows: 
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If there are macro-level laws, as there surely are, then: 

A. They do not complement micro-level laws, taking up some degree 
of slack left by those laws; and 

B. They are not independent of micro-laws: they do not have the 
potential to conflict with them and they do not serve to reinforce 
them, representing an extra booster for sequences of events that are 
established in accordance with those laws. 

(Pettit 1993: 217) 


The first point that needs to be made is that the above is certainly not an 
adequate explication of micro-government if micro-government is meant 
to establish the hegemony of the micro-level. Consider condition A. In the 
previous chapter I argued that something like condition A is true without 
giving rise to hegemony. If all the laws for the parts are given plus the 
laws of composition then the law for the compound, i.e. the macro-law, is 
determined. So I agree that the macro-law does not take up some degree of 
slack left by the micro-laws plus the laws of composition. In such a case the 
macro-laws ‘come for free’, as Peter Smith has it.’ However, micro-laws 
come for free as well. Suppose we are dealing with a compound system 
consisting of two parts. Given the law that pertains to the compound, the 
law that pertains to subsystem | plus the law of composition, the law for 
the second subsystem is determined. There is no degree of slack left by the 
before-mentioned laws that is taken up by the micro-law for the second 
subsystem. 

What we need instead of Pettit’s own is an interpretation of micro- 
government that gives rise to the hegemony of the micro-level, so as 
to explicate the fundamental conviction of the microphysicalist. In what 
follows I will discuss four such interpretations. 

According to the first interpretation ‘micro-laws govern everything’ 
says that micro-laws determine everything. That leads back to the previous 
chapter. Though this is true, it is true in virtue of a determination relation 
that turned out to be mutual. Therefore it fails to give rise to the hegemony 
of the micro-level that is essential for microphysicalism. 

The other interpretations rely on the intuition that ‘micro-laws govern 
everything’ has to be read as ‘The micro-laws are the only laws around’. 
The second interpretation invokes the notion of instantiation to capture 
this intuition: ‘micro-laws govern everything’ has to be understood as 
‘micro-laws are the only laws that are instantiated — macro-laws on the 
other hand fail to be instantiated’. To recapitulate: A law is instantiated if 
the behaviour it describes is manifest. As elaborated in Chapter 2 this 
requires the relevant system to be isolated. The question is whether successful 
micro-explanations substantiate the claim that micro-laws as opposed to 
macro-laws are instantiated. 
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The explanandum in a micro-explanation is the (lawful) behaviour of a 
compound system. To provide a micro-explanation is to explain this beha- 
viour in terms of that of its parts. The compound’s behaviour is not 
explained in terms of external factors or influences, as in a causal explana- 
tion. Micro-explanation presupposes the abstraction of disturbing factors. 
Thus, a micro-explanation gets off the ground only if it can be assumed that 
the compound system is isolated. In a micro-explanation it is presupposed 
that the explanandum behaviour is manifest, i.e. that the system instantiates 
the macro-law in question. Our successful micro-explanatory practice does 
therefore not legitimize the claim that macro-laws fail to be instantiated — 
as opposed to micro-laws. In fact, I will argue in the next section that micro- 
explanation warrants the claim that micro-laws fail to be instantiated; but 
that has to wait. What is important in this context is that it is a precondition 
for micro-explanations to work that the lawful behaviour of the compound 
is manifest, i.e. that the macro-law is instantiated. The success of micro- 
explanation can certainly not be taken to indicate the converse. 

The third interpretation of micro-government refers to the systems’ dis- 
positions in order to capture the intuition that micro-laws are the only laws 
around. ‘Micro-laws govern everything’ is supposed to be read as the claim 
that the only dispositions that truly exist are those of the parts. The parts 
have the dispositions to behave according to their micro-laws. There is no 
disposition of the compound to behave according to the macro-law. Does 
micro-explanation warrant this claim? As I have argued before, in a micro- 
explanation we assume that the compound’s (lawful) behaviour is manifest. 
If it is manifest we certainly have the best possible reason to assume that 
the compound has the disposition to behave according to the macro-law. 
Successful micro-explanations presuppose two things: the disposition of the 
subsystems to accord with the micro-laws if the subsystems are isolated, and 
the disposition of the compound to accord with the macro-law. (The latter 
disposition is manifest.) So the disposition-interpretation of the government- 
metaphor fails to establish an ontological priority of the micro-level. 

The fourth interpretation of micro-government explicates the idea that 
the only laws around are micro-laws in terms of mereology. Mereology is a 
mathematical theory of parts and wholes. Following David Lewis, its basic 
definitions are the following (the notion of a part is taken as a primitive): 


Definition: x and y overlap iff they have some common part. Iff not, 
they are (entirely) distinct. 
Definition: Something 1s a fusion of some things iff it has all of them 
as parts and has no part that is distinct from each of them. 
(Lewis 1991: 73)4 


The basic axioms comprise transitivity, unrestricted composition and the 
uniqueness of composition. 
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Transitivity: If x is a part of some part of y, then x is a part of y. 
Unrestricted Composition: Whenever there are some things, then there 
exists a fusion of those things. 
Uniqueness of Composition: It never happens that the same things 
have two different fusions. 
(Lewis 1991: 74) 


All of these axioms have been disputed for one reason or another (see Lewis 
1991: 75—81). I will focus on the notion of fusion and what it suggests with 
respect to micro-laws. Fusion is conceived of as mere aggregation. Accord- 
ing to Lewis we assert nothing over and above the parts if we assert the 
existence of the compound. 


To be sure, if we accept mereology, we are committed to the existence 
of all manner of mereological fusions. But given a prior commitment to 
cats, say, a commitment to cat-fusions is not a further commitment. The 
fusion is nothing over and above the cats that compose it. 

(Lewis 1991: 81) 


Along these lines it might be argued that a commitment to the behaviour of 
the compound is no further commitment over and above those of the parts. 
‘Micro-laws govern everything’ says that a commitment to macro laws is no 
further commitment. 

There are two readings of the mereological interpretation. The first read- 
ing turns it into a falsehood, the second fails to establish the hegemony of 
the micro-level. We had defined micro-laws as those laws that describe how 
the subsystems of compound systems would behave if they were isolated. 
In this sense composition laws are certainly not among the micro-laws. 
But then the claim that macro-laws involve no further commitment over 
and above those of the micro-laws is false. A macro-law is not merely all 
the micro-laws. It incorporates the laws of composition, i.e. it incorporates 
information about how the contributions of the subsystems add up. As I 
have argued before, there is more to a physical compound than the subsystems 
or constituents merely sitting next to one another. Physical composition 
is more intimate, so to speak, and that is the reason why we need laws 
of composition that tell us how these systems’ behaviour combine. Thus, in 
considering a system as a compound physical system we are not merely 
conceiving the behaviour of the parts, we furthermore assert how their 
behaviour combines. 

Now for the second reading of the mereological interpretation. The 
microphysicalist might agree with the argument and continue as follows. 
I never meant that micro-laws in the above sense govern all there is. What 
J really mean is that your micro-laws plus the laws of composition are all 
the laws there really are. Macro-laws are no further commitment given both 


92 Micro-government 


the micro-laws and the laws of composition. Macro-laws are entailed by the 
other laws. They come for free. 

True enough. As a rejoinder I have to ask why the microphysicalists set 
off from micro-laws plus laws of composition. They could just as well 
start elsewhere and the conclusion would be that certain micro-laws are no 
further commitment or that they come for free. As I have argued before, the 
composition laws establish a non-hegemonic determination relation that 
fails to establish the hegemony of the micro-level. 

Microphysicalists tend to choose a definite starting point for their 
ontological story. This story would be plausible if it were the only possible 
starting point. If the micro-laws (plus the laws of composition and those of 
interaction) are given, the macro-laws are entailed, determined or involve 
no further commitment. But why start at this point? The determination, 
entailment and commitment relation fails to distinguish the micro-level as 
something special. Ultimately, I think, the microphysicalists are still under 
the grip of a theological metaphor. In the seventeenth century God was 
supposed to create the entire world by creating the micro-level. According 
to Gassendi, for example, God infused motion into the atoms and Leibniz 
held that God programmed monads. These atoms or monads were supposed 
to be responsible for all the macro-phenomena of the world. However, 
given that in establishing ontological claims physicalists in particular are 
not supposed to rely on God as the creator of the world, we have to turn to 
the explanatory and calculatory practice of the sciences. For these rather 
than theological intuitions provide the best evidence for ontological 
claims. In sum, the explanatory practice I have analysed in Chapter 3 does 
not substantiate micro-government, the second reading of the thesis of 
microphysicalism. 


On the instantiation of micro-laws 


In the previous section I argued that micro-explanation provides no 
evidence for micro-government. In particular, it fails to substantiate the 
microphysicalist claim that the macro-laws fail to be instantiated. In this 
section I will defend the more radical claim that micro-explanation warrants 
the claim that within a micro-explanatory setting the micro-laws are 
not instantiated, 1.e. that the (lawful) behaviour of the subsystems is not 
manifest. This claim will serve as the basic premise for my argument that 
there are genuine laws of the special sciences. 

The essential point is that the instantiation of a law requires the system 
in question to be isolated. Laws of nature describe how physical systems 
behave in isolation, i.e. in the absence of disturbing factors. Within a 
compound system these conditions are never realized for the subsystems. 

Let me illustrate this claim by discussing an example in which it is very 
obvious that it does not make sense to claim that the micro-laws are 
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instantiated. The quantum-mechanical description of some di-atomic 
molecules as harmonic oscillators is insufficient. Classically considered, CO 
molecules consist of two atoms of mass m, and m, at a distance x. Besides 
vibrations along the x-axis they can perform rotations in three-dimensional 
space around its centre of mass. This provides the motivation for describing 
the molecule as a rotating oscillator, rather than as a simple harmonic 
oscillator. The compound’s (the molecule’s) behaviour is explained in terms 
of the behaviour of two subsystems, the oscillator and the rotator. These 
parts are not spatial parts, they are sets of degrees of freedom. The physicist 
Arno Bohm, who discusses this example in his textbook on quantum 
mechanics, describes this procedure as follows: 


We shall therefore first study the rigid-rotator model by itself. [The 
harmonic oscillator has already been discussed in a previous chapter.] 
This will provide us with a description of the CO states that are char- 
acterised by the quantum number n = 0, and will also approximately 
describe each set of states with a given vibrational quantum number n. 
Then we shall see how these two models are combined to form the 
vibrating rotator or the rotating vibrator. 

(Bohm 1986: 128) 


This is a perfect illustration of a quantum-mechanical micro-explanation. It 
is in carrying out this programme that Bohm presents the law of composition 
that I have quoted in Chapter 3. But let me now turn to the models or laws 
that pertain to the compound and to the subsystems. The isolated compound 
system, the oscillating rotator, can be described by the following law: 


(1) All oscillating rotators can be described by the Schrodinger equation 
with the following Hamiltonian: H = H,,,® 1+ J1® H,,., where J is the 
identity operator. 


The CO molecule behaves according to what this law says. It provides 
an instantiation of the law. (That is what we presuppose in a micro- 
explanation.) But what about the laws in terms of which we explain the 
law for the compound; are they instantiated as well? 

The macro-system can be explained in terms of the following laws for the 
subsystems. 


(2) All rotators can be described by the Schrédinger equation with the 
following Hamiltonian: H,,,= L’/2/, where L is the angular momentum 
operator and J the moment of inertia. 


(3) All oscillators can be described by the Schrédinger equation with: 
the following Hamiltonian: H,,. = P?/2u + uw’Q?/2, where P is the 
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momentum operator, Q the position operator, @ the frequency of the 
oscillating entity and u the reduced mass. 


The question is, whether the fact that we can explain (1) in terms of (2) 
and (3) implies that (2) and (3) are instantiated. If they were instantiated, 
while they are parts of the compound system, the behaviour of the parts 
would be manifest. (That is what instantiation means.) Thus, in particular, 
the energy levels of the rotator and that of the oscillator were manifest 
even while they constitute a combined system. However, the only thing that 
is in fact manifest is the energy spectrum of the rotating oscillator (the 
compound) and it coincides neither with the spectrum of the rotator nor 
with the spectrum of the oscillator. There are no separate energy levels 
realized for the subsystems.° That is not meant to deny the existence of the 
contributions of the subsystems. The law of composition tells us how these 
add up. However, contributions are about what would happen — or about 
what would be measured — given the right circumstances.° 

The same point that has been made about the rotating oscillator 
applies to micro-explanation in general. The composition laws we use in 
micro-explanations connect the behaviour of the compound system and that 
of its parts. Therefore the relata of the micro—macro relation are, first, 
the (lawful) behaviour of the compound system and, second, the (lawful) 
behaviour of the parts. What is referred to in micro-explanations is how the 
parts would behave if they were isolated, i.e. to the parts’ behaviour under 
counterfactual conditions. The actual behaviour of parts is not referred to. 
It is the behaviour of the compound that is actual. Therefore, the law that 
describes the behaviour of the compound is instantiated whereas the laws 
that describe how the parts would behave given the right circumstances fail 
to be instantiated. 

The specific heat of a metal may serve as a further illustration of this 
claim. The metal is usually considered as consisting of two subsystems, the 
crystalline part and the electronic part. Both subsystems contribute to 
the specific heat of the metal. The compound system’s behaviour can be 
micro-explained in terms of how the subsystems would behave on their own 
plus a law of composition. (Interactions can be neglected.) The same argu- 
ment as before applies. The law for the compound system is instantiated, 
whereas those for the parts fail to be instantiated. It is only the specific heat 
of the metal that can be measured directly, whereas the contributions of 
the subsystems cannot. The micro-laws are not instantiated because the 
subsystems fail to be isolated. Instantiation, however, requires isolation. 
Even though the subsystems have certain continually manifestable disposi- 
tions, 1.e. even though they contribute, their behaviour is not manifest. 

Therefore, the conclusion has to be drawn that even though the law for 
the compound is instantiated and even though this law can be explained 
by relying on the laws for the subsystems’ behaviour under counterfactual 
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conditions these latter laws are not instantiated. Micro-explanation does 
provide evidence, first, for macro-laws to be instantiated and, second, for 
the micro-laws, i.e. the laws for the parts, not to be instantiated. 

The claim that the explanans of micro-explanations invokes the counter- 
factual behaviour of the parts might give rise to the question whether it is 
possible in the first place to explain something actual in terms of something 
non-actual. That, however, is not a view I have to subscribe to. The above 
analysis confines itself to the notion of instantiation. The micro-laws are not 
instantiated since the subsystems do not manifest the relevant behaviour. 
The behaviour is not actual. Nevertheless, the dispositions of the subsystems 
to behave according to what the micro-laws say are actual. Micro- 
explanations can be understood to appeal to the dispositions of subsystems 
— something that is actual. 


The failure of supervenience 


It has been argued that quantum-mechanical entanglement provides an 
example of the failure of supervenience. The state of the two-electron system 
does not supervene on the states of its parts, simply because there are no 
uniquely determined states for the subsystems (Teller 1992; Humphreys 
1997b). 

The view I am advocating is analogous. The behaviour of a compound 
system — in so far as it can be described by a law — does not supervene on the 
behaviour of the parts — in so far as that can be described by laws — simply 
because the latter laws are not instantiated. Let me make this more precise. 
Part—whole supervenience with respect to laws says the following: 


The lawful behaviour of compound systems supervenes on the lawful 
behaviour of their parts, in that necessarily, for any instance of lawful 
behaviour L of a compound system, if any compound system instanti- 
ates the lawful behaviour L at time ¢, there exist subsystems ( parts) that 
instantiate lawful behaviour /, to /, at t, and necessarily, if any collection 
of parts that instantiate lawful behaviour /, to /, at a time ¢ the compound 
instantiates the lawful behaviour L at that time. 


The reason for the failure of this kind of supervenience is the fact that the 
lawful behaviour of the parts is not instantiated. This failure of superveni- 
ence is perfectly compatible with a determination of the compound system’s 
behaviour by the counterfactual behaviour of the isolated components 
via the laws of composition. The failure of supervenience would even be 
compatible with hegemonic counterfactual determination, i.e. with counter- 
factual micro-determination. (This is the reason why I did not want to 
equate supervenience and micro-determination.) Furthermore the failure of 
supervenience with respect to the lawful behaviour of the compound and the 
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parts is compatible with the supervenience of the dispositions of the com- 
pound on the dispositions of the parts. The reason is that the dispositions of 
the parts are actual, as opposed to the lawful behaviour which fails to 
manifest itself. 

Let me point to some differences with the quantum-mechanical entangle- 
ment case. First, the claim I am making concerns the /awful behaviour of 
physical systems rather than their states. Next, the claim advocated in this 
chapter is much more general. It concerns the /awful behaviour of whatever 
compound system, whether quantum mechanical or classical. Furthermore, 
and this is another difference, I do not claim that the failure of superveni- 
ence entails that the behaviour in question is emergent, as Humphreys, for 
instance, does. But this is only due to the fact that I stick to Broad’s notion 
of emergence whereas Humphreys doesn’t. 


The relativity of instantiation 


On pp. 92-5 I argued that the laws for the parts are not instantiated 
whereas those for the compound are. If instantiation serves to establish 
priority (in whatever sense) this result confers priority to the compound 
rather than to the parts. But it is a priority that needs to be relativized. 
It has to be relativized because there is no fact of the matter as to what to 
describe as a compound system. Whether or not we take something to be a 
compound depends on pragmatic criteria. A fortiori, whether or not we have 
to consider a law as being instantiated is relative to this prior decision. Let 
me explain. 

The real world is a complicated mess. It turns out to be more complicated 
the more we know about it. The simple ideal gas law pV = RT had to be 
replaced by the van der Waals law (p + a/V’)(V — b) = RT, where a and b 
take into account the interaction between the molecules and their finite 
extension. The van der Waals law in turn has been replaced by the so-called 
Dieterice equation (Morrison 1997). At first it was thought that pressure, 
volume and temperature determine each other. It then turned out that other 
factors are relevant as well. The more we get to know about physical 
systems the more connections we detect among the constants and variables 
that are relevant for the measurable quantities. What has been said so far 
concerns the description of a single isolated physical system. But worse is to 
come. In a world in which forces have infinite ranges, such as ours, a lot of 
physical systems depend on a lot of other physical systems, even far away 
ones. According to Newtonian physics the redistribution of massive particles 
(the crossing of my legs, for instance) simultaneously affects all other massive 
objects in the universe. (In relativistic physics it takes some time and affects 
objects in the forward light-cone only.) 

Given this degree of interconnectedness it is hard to see how a faithful 
description of a part of the universe can take into account less than the 
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universe as a whole.’ The interconnectedness of the universe forces us to the 
conclusion that the universe as a whole is the only proper object that can be 
said to instantiate a law. Conversely, every account of law has to live with 
the fact that when we talk about innerworldly instantiations of laws of 
nature we make use of idealizations. There is a tension between the very 
notion of independent innerworldly instantiations of laws on the one hand 
and the notion of a single interconnected world that contains all of these 
instances on the other hand (Scheibe 1991), 

For instance, innerworldly instantiations of laws leave out the influence 
of other factors. They neglect the dependence of the systems’ magnitudes on 
external factors. For example, the description of our planetary system as a 
Newtonian or a relativistic system ignores the influences of other planetary 
systems on the movements of the sun and the planets. The fact that such 
an idealized description makes sense is a contingent feature of our world. 
Gravitation, for example, dies off according to an inverse square law. Far 
away massive objects therefore have a small influence only. It furthermore 
depends on the measure of accuracy we are interested in — on what we 
regard as ‘small’. The more empirical accuracy we require the more (external) 
factors have to be taken into account. 

At any event, this invocation of abstraction immediately raises a doubt 
about our earlier claim that the compound system’s behaviour is manifest 
whereas the parts’ behaviour is not. When we neglect, abstract, idealize, 
etc. we are envisaging a non-actual possible world, a world in which every- 
thing except the compound system we are about to micro-explain is absent. 
We are envisaging a counterfactual situation. Therefore, it is not only the 
behaviour of the subsystems but also the behaviour of the compound 
that has to be regarded as counterfactual — unless we are dealing with the 
universe as a whole. There seems to be no reason to claim that the law that 
describes the behaviour of the compound is instantiated. Both the laws 
for the compound rotating oscillator and those for the two subsystems 
describe counterfactual situations and therefore fail to be instantiated. So 
the objection might run. 

When we micro-explain a compound system’s behaviour we do indeed 
consider the system’s behaviour in isolation. We assume that no external 
factors are present (or at least that none of them exert any influence). This 
assumption is a precondition for a successful explanation of the compound 
system’s behaviour on the basis of the behaviour of its parts. This assump- 
tion is therefore a precondition of every successful micro-explanation. (In 
a causal explanation, by contrast, the influence of other systems on the 
compound system’s behaviour is taken into account.) Surely, every real-life 
compound system is exposed to some kind of interaction. Therefore, whenever 
we micro-explain we consider a counterfactual world, not the actual world. 
Nevertheless, within such a world — within the micro-explanatory setting — 
the distinctions we have drawn still apply. We explain the compound system’s 
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behaviour (which is considered to be actual) in terms of the behaviour of its 
parts. The latter is counterfactual relative to the compound’s behaviour. 
Considering the behaviour of a part of a compound system invokes one 
more step of abstraction. 

Whether or not a law is instantiated is therefore relative to a prior 
decision to consider a system as an isolated compound system. For a 
system’s behaviour to be micro-explained such a consideration is necessary. 
In this micro-explanatory setting the law for the compound is instantiated 
as opposed to the law for the parts. 

This relativity of instantiation becomes even more apparent if it is taken 
into account that physics does not tell us what to describe as a compound 
system. Both quantum mechanics and classical mechanics tell us how to 
describe compound systems by relying on laws of composition and on 
what the subsystems would do if they were isolated. But it does not tell us 
whether we ought to take the behaviour of the Milky Way, the solar system 
or a single planet as the explanandum of a micro-explanation. The laws of 
composition allow us to describe any two objects as a compound system. 
They allow us to conceive of an harmonic oscillator in New Jersey and a 
rotator in south-west France as a compound system. Any two systems can 
be considered as a compound given the laws of composition. 

Whether or not it is more reasonable to consider a system on its own 
or as a subsystem of a compound is due to pragmatic considerations. 
It depends on what we are interested in, on the interactions we are able to 
shield, to control or to calculate. There is no fact of the matter as to whether 
a planet ought to be described on its own, as part of the solar system, or 
part of the Milky Way. 

The essential point is that the above considerations do nothing to 
undermine the argument in the previous section. All we need in order to 
establish the relative priority of the macro-laws and to repudiate the claim 
that micro-laws govern everything is the following: Jf a system is treated as 
a compound — as in micro-explanation — the subsystems fail to be isolated. 
A fortiori the behaviour of the subsystems is not manifest. Furthermore, if a 
system is treated as a compound its behaviour, the explanandum has to 
be taken to be manifest. Therefore, whenever a system is micro-explained 
such an explanation provides evidence for the instantiation of the macro- 
law and against the instantiation of the micro-laws. A second, separate, 
issue concerns the question whether it is reasonable to consider something 
as a compound system in the first place. 


The special laws of many-particle physics 


The autonomy of the special sciences is generally taken to concern identity 
or realization of properties. It is usually asked whether a mental property 
can be explained in terms of a microphysical property of the system it 
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co-varies with. Functionalism holds that, owing to multiple realization, such 
explanations cannot be given of functional properties even though they are 
microphysically realized. As I mentioned before, I will bypass this issue and 
will assume — for the sake of the argument — that mental, biological or other 
higher order (functional) properties can be identified with microphysical 
correlates. With this premise the special sciences turn out to be sciences 
that are concerned with special classes of compound systems which can 
ultimately all be explained in term of microphysics. In this framework the 
question of the autonomy of special sciences is no longer a question of the 
relation of a functional property to its realization but rather of the relation 
of a compound’s property to the properties of its parts. My claim is that 
even if functionalism is wrong there would still be a sense in which the 
special sciences are autonomous. What has been said about the part—whole 
relation suffices to establish a modest kind of autonomy of the laws and 
systems of the macro-level. 

Is psychology an autonomous science? Does it have laws of its own? 
That, in particular, is a difficult question to answer, since we know so little 
about the relation between psychology and other disciplines, such as 
neurophysiology. The case, however, is less difficult if we ask the same 
question about many-particle physics. In many cases the relation between 
the physical systems many-particle physics deals with and those of more 
elementary physical disciplines is fairly transparent, thanks to successfully 
carried out (part-whole) micro-explanations. I will argue that the success 
of micro-explanation does not belittle the status of many-particle physics.® 
It does have laws of its own and it is, therefore, an autonomous science. 
This will serve as a model for the autonomy of other disciplines. 

So, let us have a closer look at a candidate for a genuine law of many- 
particle physics, a law for ferromagnets. A ferromagnet is a system that is 
magnetized below the so-called Curie-temperature T,,,;. and de-magnetized 
above T,,,;.. The Curie-temperature T¢,,,;. depends on the strength of the 
external magnetic field M that the ferromagnet is placed in. A ferromagnet 
is usually considered to be a compound physical system consisting of 
subsystems, each of which can be described with the help of the spin oper- 
ator (S). The spin operator can take one of two possible values, +1 or —1. 
Reducing the subsystem to just one degree of freedom is surely a gross 
oversimplification. A real-life component of a ferromagnet is, for instance, 
some kind of atom that has a complex life of its own. But idealization is not 
our concern at the moment. The ferromagnet can be described by taking 
into account two kinds of contribution. The first contribution describes 
how the components would behave if each of them were on their own in an 
external magnetic field (MS,). M represents the external magnetic field and 
the subscript refers to the place of the spin in the compound system, its site. 
The second part (JS,S;) accounts for the interactions between the nearest 
neighbours. Thus we have the following law. 
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(F) Ferromagnets behave in accordance with Schrédinger’s equation 
with a Hamiltonian of the form H = M2Z;S, + Jz,S;S;. (The 
so-called nearest neighbour Ising model) 


The law for ferromagnets is certainly a plausible prima facie candidate for a 
genuine law of many-particle physics. Ferromagnets are studied neither in 
elementary-particle physics nor in biology. So, what might be the reason for 
thinking that it is not a genuine law of many-particle physics? 

One might doubt that (F) is a genuine law that can give rise to the 
autonomy of many-particle physics because it can be explained in terms 
of micro-laws, i.e. laws that pertain to single spin systems, and laws of 
composition. This is an obvious line to take in order to argue against the 
autonomy of many-particle physics, in particular, because the functionalists’ 
claims rested on the inexplicability of the laws of the special sciences (albeit 
the kind of micro-explanation they were looking for was not part—whole 
micro-explanation). I am not denying that the law for the ferromagnet (F) 
can — in principle — be explained in terms of micro-laws. On the contrary, 
that was exactly the lesson to be drawn from Chapter 3. Many-particle 
physics is certainly not an autonomous science in the sense that the 
many-particle systems’ behaviour cannot — in principle — be explained by more 
fundamental disciplines. It would be wrong to claim that it is explanatorily 
independent. If autonomy is taken to be an epistemological notion that 
refers to explanatory independence then many-particle physics cannot be 
seen as an autonomous science.” 

Since we are dealing with an ontological issue, explanation is interesting 
only because it points to underlying ontological relations such as the deter- 
mination relation. It might seem that the determination relation provides an 
argument against autonomy. (F) is determined by the laws of microphysics 
and a law of composition. That is not to be denied. However, if that were 
to undermine the autonomy of many-particle physics, by the same token 
microphysics would forfeit its autonomy. The reason is that the determina- 
tion relation is mutual and does not single out either any of the parts or the 
compound as something special. 

The instantiation relation on the other hand does provide positive 
evidence for the laws of many-particle physics to be genuine laws. In the 
case of the ferromagnet it is (F) — the law for the compound — that is 
instantiated, not the laws for the components. Let us, for instance, assume 
that a many-particle system, such as a ferromagnet, constitutes a world on 
its own. The point is that in this case a law such as that mentioned in (F) is 
the only law that is instantiated. The microphysical laws are not instantiated, 
even though they are made use of in order to explain the behaviour of the 
compound on the basis of counterfactual behaviour of the parts. 

Thus, many-particle physics has a law of its own.'’ Autonomy can 
be spelled out in terms of instantiation. Autonomy in this sense does not 
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require the special sciences to have special vocabularies. What is special 
about the special sciences is neither their vocabulary nor the fact that the 
behaviour of the systems they are concerned with is inexplicable in terms of 
the laws of other disciplines. What is special is the fact that the behaviour of 
the systems they are concerned with is manifest whereas that of the systems 
in terms of which it might be micro-explained fails to be manifest. 

What I have presented is a modest conception of autonomy, since it 
ultimately depends on pragmatic considerations whether or not a system is 
taken to be a compound. The relativity that pertains to instantiation carries 
over to the issue of autonomy. /f it is regarded as reasonable to consider the 
ferromagnet as a compound rather than the single subsystems it consists of, 
the following holds within the micro-explanatory setting: The law for the 
ferromagnet is instantiated; the behaviour of the ferromagnet is manifest, as 
opposed to that of the subsystems. (F) is a genuine law. The manifestation 
of the behaviour of the compound cannot be identified with the manifesta- 
tion of the behaviour of the parts, simply because that behaviour fails to be 
manifest. 


Conclusion 


To sum up the discussions of this chapter: I have shown that none of the 
interpretations of the claim that everything is governed by micro-laws is 
warranted by the success of micro-explanations. I have argued, furthermore, 
that the microphysicalists’ assumption that there are no autonomous 
macro-laws can be countered. Jf we are confronted with a micro-explanation 
then we ought to consider the behaviour of the compound to be manifest 
as opposed to the behaviour of the parts. Micro-laws fail to be instantiated, 
in contrast to macro-laws. This latter fact serves to establish a modest con- 
ception of the autonomy of the special sciences and their macro-laws. 


Appendix 


In this appendix I will deal with some objections to the claim that in a 
micro-explanatory setting the micro-laws (the laws for the parts) fail to be 
instantiated. The first objection deals with my examples of laws of nature. 
The second concerns the adequacy of calling the subsystems’ behaviour 
counterfactual, and the third establishes a link to the discussion about the 
reality of forces. 


Objection | 


It might be objected that the claim that the parts of compound systems — 
while they are parts — do not instantiate a law is plausible only as long as I 
stick to my peculiar selection of examples. I have simply omitted the most 
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obvious candidates for laws of nature, namely, the Schrodinger equation 
or Newton’s second law. Laws can be considered at various levels of 
abstraction. Thus, a spring might be said to instantiate both Newton’s 
second law F = ma in this abstract form as well as the more specific Hooke’s 
law Prooxe = ma, With Fy. = Kx, where K is Hooke’s constant and x the 
elongation of the spring in question. My arguments against the instantiation 
of laws by the parts of compound systems may sound plausible as long 
as specific laws, such as Hooke’s law, are considered; but they lack all 
plausibility if it comes to the abstract Schrédinger equation or the abstract 
second law, one might object. Surely the subsystems do instantiate the bare 
Schrodinger equation. 

I agree that, when we consider the lawful behaviour of a system, we 
have in general the options of considering either abstract or specific laws. 
However, given that our starting point is micro-explanation as the evidence 
for microphysicalism we no longer have both options. If we confine 
ourselves to abstract laws such as the bare Schrédinger equation the alleged 
evidence for microphysicalism disappears. The micro-explanation of the 
properties of water or of the phase-transition of ferromagnets was not 
considered impressive because it had been found out that the parts con- 
form to the bare Schrodinger equation. Successful micro-explanations 
concern the more specific lawful behaviour of compound systems. Micro- 
explanations concern the Schrédinger equations with particular Hamiltonians. 
It is difficult to see how the simple fact that both the compound and the 
parts conform (in some sense) to the bare Schrédinger equation could give 
rise to a micro-explanation. 

Furthermore, under what circumstances can such an_ abstract 
law(-concept) be considered to be instantiated? Or let me rather ask the 
reverse. What would count as a system that does not instantiate Schrédinger’s 
equation? That would, presumably, be a system for which it is impossible to 
find a Hamiltonian such that this Hamiltonian together with the Schrédinger 
equation determines the dynamics of the system. Conversely, the abstract 
Schrodinger equation can be said to be instantiated only if there is a more 
specific law that contains a specified Hamiltonian. There is no instantiation 
of an abstract law without an instantiation of a more specific law. Newton’s 
second law cannot be instantiated in the absence of a particular force that 
brings about some kind of acceleration. The abstract law is therefore no 
resort for the microphysicalist who wants to argue against the autonomy of 
the special sciences. 


Objection 2 


I have argued that micro-explanation provides evidence for the claim 
that the behaviour of subsystems fails to be manifest or actual, i.e. that 
micro-explanations rely on counterfactual behaviour of the parts. This claim 
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might be plausible in cases like the rotating oscillator as long as we have no 
option to measure the parts’ behaviour on its own. But there are other cases. 

If we consider a system such as the transatlantic rotating oscillator as a 
compound it seems highly implausible to claim that the explanation is in 
terms of what the subsystems would do. It appears to be more reasonable 
that in such an explanation reference is made to what the oscillator does on 
its own in New Jersey and what the rotator does on its own in south-west 
France. The subsystems’ behaviour seems to be manifest. 

I agree that there is something odd about the analysis of this transatlantic 
compound in terms of counterfactual, non-manifest behaviour of the con- 
stituents. The question is where to locate the oddity. Let me start my rejoinder 
by acknowledging that quantum mechanics and classical mechanics indeed 
allow all kind of systems to be described as compound systems. At this 
point two issues need to be separated. The first concerns the question of the 
analysis of micro-explanation. What we have argued for is this: Jf.a system 
is treated as a compound — as in micro-explanation — the subsystems fail to 
be isolated. 4 fortiori the laws for the subsystems are not instantiated. There- 
fore, whenever a system is micro-explained the explanation relies on how the 
subsystems would behave under counterfactual circumstances. A second, 
separate, issue concerns the question whether it is reasonable to consider 
something as a compound system in the first place. Physics does not provide 
any criteria for whether it is reasonable to describe something as a com- 
pound system. Such a decision depends on pragmatic criteria. In the case of 
the transatlantic compound it does not seem to be reasonable to treat it as 
a compound whereas in the case of the CO molecules which were treated as 
a rotating oscillator on pp. 93—4 it does. Very often the implicit criterion has 
to do with interaction among the subsystems. Not so in this case. The sub- 
systems of the oscillating rotator have been considered as non-interacting. 
The relevant difference in this case is that with respect to the transatlantic 
compound there is nothing that one could call the “common behaviour’ of 
the compound. By contrast the oscillating rotator gives rise to a common 
energy spectrum.'' In the transatlantic case it is hard to see what the 
micro-explanation is supposed to explain. It is therefore hardly surprising 
that a micro-explanation yields implausible results. The oddity is due to the 
absence of a proper explanandum. The two issues are thus related as 
follows. Our analysis of micro-explanation entails that the laws for the parts 
are not instantiated. Whether or not this is a plausible claim with respect to 
a particular system and its subsystems depends on whether it was plausible 
to consider the system in question as a compound in the first place. 

This rejoinder may make one wonder whether I am claiming that 
whenever the counterfactual analysis turns out to be counter-intuitive it is 
the fault of the compound system that has been chosen. That is, however, 
not what I am claiming. The crucial point is that we are dealing with micro- - 
explanation as evidence for microphysicalism. This evidence is the more 
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impressive the more the behaviour of the compound — prima facie — seems to 
be inexplicable on the basis of the constituents. It is an impressive achieve- 
ment that the phase-transitions of ferromagnets can be explained in terms 
of spins or that the properties of water can be explained in terms of its 
constituents. It is achievements like these that the microphysicalists rely on. 
And it is in cases like these, as I hope to have shown, that the counterfactual 
analysis of micro-explanation is convincing. By contrast, transatlantic com- 
pounds provide no real evidence for the microphysicalists’ theses anyway 
because micro-explanation is not much of an achievement in the absence of 
a plausible explanandum. Thus, the fact that the counterfactual analysis 
turns out to be somewhat counter-intuitive with respect to transatlantic 
compounds does no harm to my overall strategy against microphysicalism. 
The upshot is that it has to be conceded that there are cases in which 
the counterfactual analysis of micro-explanation seems to be implausible. 
However, these cases are poor examples for micro-explanations in the 
first place and a fortiori poor candidates for the evidential support of the 
microphysicalists’ claims against autonomous macro-laws. 


Objection 3 


A further objection disputes the account I have given of micro-explanation. 
Counterfactual considerations are said to play no part in micro- 
explanation. What goes into a micro-explanation is the abstract law for 
the compound, say, Newton’s second law, and a force function that takes 
into account all of the forces that act on the subsystems of the compound. 
Take, for example, the case of a compound system in a gravitational field. 
Let us assume that it consists of two non-interacting two-particle systems. 
The force function for the compound is determined by the forces that act 
on the two particles respectively. There are real, manifest forces that act on 
the subsystems and that go into the law for the compound. According to 
this account, micro-explanation is the explanation of the force-function for 
the compound in terms of those forces that act on the parts. There is 
no mention of anything counterfactual. Neither the law nor the forces are 
counterfactual. 

This objection, i.e. the claim that nothing counterfactual is involved in 
micro-explanation, depends on intuitions about the reality of forces. This is 
a notoriously thorny issue.'? Let me at once say that I do not think that it 
can be resolved completely. I think that the main problems that surround 
this issue are due to the fact that force is a concept that is used both in 
Newtonian physics and in everyday life contexts. It is not always quite clear 
what bearing intuitions that pertain to the latter have on the interpretation 
of Newtonian physics. However, there are a few things that can be said and 
ought to be said. First, there are two premises that most participants in the 
discussion about the reality of forces seem to accept: 
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1 For a force to be real or manifest it has to figure in a law, such as 
Newton’s second law, that is instantiated and, conversely, if Newton’s 
second law is instantiated it is a real force that brings about the ensuing 
acceleration. 

2 It cannot be the case that both the component forces and the net forces 
are real in the same sense. For if they were, one could add them up and 
get a new resultant or net force, twice the original force, etc. 


Given premises (1) and (2), objection (3) has to be rejected. According to 
objection (3) the component forces are real. Furthermore, the law for the 
compound is instantiated. According to premise (1) the instantiation of this 
law requires the net force to be real. The reality of both the component 
forces as well as the net force contradicts premise (2). 

Accepting both (1) and (2), there remain two options for the 
microphysicalists who object to the counterfactual analysis of micro- 
explanation. They can claim that the component forces are real (i.e. the 
laws for the parts are instantiated) and that therefore there is no real net 
force (i.e. no law for the compound system is instantiated). The second 
option is to claim that the net force is real and consequently the law for 
the compound is instantiated. In that case the component forces are unreal, 
the laws for the parts not instantiated. 

Neither option can be advocated by the microphysicalist. Going back to 
the example discussed at the outset of this objection (two-particle system 
in a gravitational field) the first option amounts to the claim that there are 
two instances of Newton’s second law, with the force functions F, and F, 
(for the two particles). However, the law for the compound cannot be replaced 
by two instances of Newton’s second law for the components, because 
that would leave open what effect they would bring about collectively. 
Both forces and laws contribute to the ensuing effect according to the law of 
composition, but that does not make them actual. 

The microphysicalists cannot take the second option either. They would 
jeopardize their most fundamental beliefs. For, if the laws for the com- 
ponents are not instantiated there is no micro-basis that can play the role 
of the proletariat and do the (non-mutual) determining, the governing of 
macro-systems etc. 

According to the view I advocate the issue of the reality of forces ought to 
be analysed as follows. In the micro-explanatory setting we are dealing 
with a compound system that behaves according to what the law for the 
compound says, e.g. according to Newton’s second law with a gravitational 
force function. The compound therefore instantiates the law, as was argued 
on pp. 96-8. It is a consequence of these arguments plus premise (1) that the 
net force ought to be taken to be real. This argument for the reality of the 
net force does not depend on any intuitions we have with regard to forces. 
These intuitions I take to be of dubious significance, as I will argue below. 


106 Micro-government 


Be that as it may, the gravitational force function Fg can be explained 
by reference to component forces, say F, and F;, to take up our original 
example. In relation to the original situation we are envisaging counter- 
factual situations in which these forces act on the components. It is within 
these counterfactual situations — but not in the micro-explanatory setting — 
that the component forces have to be considered as real. 

Thus, I agree with Cartwright on insisting on the priority of the net force 
in a situation in which we consider compound systems or systems under the 
influence of more than one force. I part company with her when she claims 
that the component forces are unreal tout court, or merely metaphorical 
(Cartwright 1983: 59). There are levels of abstraction with respect to which 
it is perfectly sensible to consider those forces as real that have been con- 
sidered to be the component forces in other contexts. The relativity that 
has been mentioned on pp. 96-8 carries over to the issue of the reality of 
forces. Whether or not it is reasonable to consider a system on its own or as 
part of a larger system is due to pragmatic criteria. Similarly the reality of 
forces is ultimately due to prior pragmatic considerations. 

However, that does not help the microphysicalists, for they have to claim 
that the laws for the components are instantiated in the micro-explanatory 
setting in order to make their point. 

As I have said, my argument does not depend on any intuitions concern- 
ing forces. By contrast, the objection has to rely on intuitions according to 
which certain forces are real whereas others are not. People tend to have 
strong as well as diverging intuitions about the reality of forces. It is not 
always clear what relevance these intuitions have for the interpretation of 
the concept of force as it occurs in scientific contexts. Part of the intuitions 
people invoke relies on what one might call an almost introspective notion 
of force. Thus, we seem directly to experience the force we use in a tug- 
of-war even if the net force turns out to be zero (if the teams are equally 
matched).'* It is, however, far from obvious how this introspective notion of 
force is related to the concept of force as it is used in physics. My impression 
is that intuitions about forces rely on various sources, not all of which are 
clearly tied to Newtonian physics. We are therefore on safer ground if 
we stick to our more austere diet of examples concerning the Schrédinger 
equation and its Hamiltonians. 

We are not done yet. After all, the microphysicalists might want to reject 
premise (1) and claim that the component forces are real but that the law for 
the compound is the only /aw that is instantiated. There are two problems 
with this. First, if premise (1) is rejected the criteria for the reality of forces 
are lost. Second, what remains unclear is the status of the law of composi- 
tion. It is not simply the component forces that go into the force for the 
compound. It is the component forces properly combined. 


Chapter 7 


Micro-causation 


In this chapter we are going to rebut the last of the readings of the 
microphysicalist’s thesis: micro-causation. Micro-causation is the thesis 
that all macro-causal relations occur in virtue of micro-causal relations. The 
causal relations among compound systems are entirely derivative of those of 
their parts. This thesis should not be conflated with a thesis that contrasts 
causal relations among micro-based properties of systems with those of the 
correlated macro-properties of the same systems. Micro-causation, as we 
will discuss it, concerns the question whether parts as opposed to wholes are 
the real causal agents. It does not concern the relation of two properties of 
the same system. 

Before we attempt to evaluate the credentials of micro-causation we have 
to explain what is meant by the claim that one causal relation holds in virtue 
of another causal relation. 


Three models of micro-dependent causation 


The thesis that macro-causal relations hold in virtue of micro-causal rela- 
tions essentially claims that an asymmetric, hegemonic dependence relation 
obtains between the two of them. Kim has discussed three models for the 
relation between causation involving micro-based properties on the one hand 
and the correlated macro-properties on the other (Kim 1996: 333—4). This 1s 
not the relation we are interested in, but we can reinterpret the models so as 
to fit our question. 

I will present the various models by way of discussing a familiar example, 
namely, one billiard ball causing another billiard ball to change its behaviour, 
i.e., the path it takes. So the question we are dealing with is, What sense can 
be made of the claim that a causal relation between two billiard balls holds 
in virtue of causal relations among the constituent molecules of the two 
billiard balls? 

The three interpretations of the ‘in virtue’ that we are going to consider 
have in common that they assume real causal relations among the parts of 
the compound billiard balls. They differ with respect to the explication of 
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epiphenomenal causation 
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Figure 7.1 The epiphenomenalist model of causation at the micro-level. 


the dependence relation between the micro-causal relations and those on the 
macro-level. 

On the first model — the epiphenomenalist model — the macro-causal 
relation between A and B is interpreted as an epiphenomenal relation. 
The behaviour! of the constituents of A and B, i.e. the molecules, causes 
the behaviour of the compound billiard balls A and B. The behaviour of the 
billiard balls is taken to be an effect of that of the parts but is supposed to 
lack causal efficacy of its own. Figure 7.1 illustrates the epiphenomenalist 
model. 

Whether epiphenomenal causation is still a real causal relation is a moot 
point. Consider the actions that seem to take place on a television screen. 
Let us assume that one person on the screen is shown to hit another. The 
process of hitting-on-the-TV-screen qualifies as an example of an epiphe- 
nomenal causation process. This epiphenomenal process is true in virtue 
of the fact that a real person has hit another real person. The television 
pictures of this process are then caused via a lot of technology to appear on 
the screen. Such examples of epiphenomenal causation are often taken to be 
paradigm cases of what is sometimes called a ‘pseudo-causal process’ (Salmon 
1998: 16-17). 

The second model is that of supervenient causation. According to this 
account the relation between the behaviour (or events) at the micro-level 
and the behaviour (or events) at the macro-level is not a causal relation but 
rather one of supervenience (in the sense of strong supervenience defined 
in Chapter 3). Kim defines supervenient causation in the two-properties-of- 
the-same-system sense as follows: 


So the general schema for reducing a macrocausal relation between 
two events, x’s having F and y’s having G, where F and G are macro- 
properties, is this: x’s having F supervenes on x’s having m(F), y’s 
having G supervenes on y’s having m(G) where m(F) and m(G) are 
micro-properties relative to F and G and there is an appropriate causal 
connection between x’s having m(F) and y’s having m(G). 

(Kim 1984b: 99) 
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supervenient causation 
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Figure 7.2 The supervenience model of causation at the macro-level. 


In our case we are not concerned with the supervenience of one property 
F on another property m(F) of the same system. We are concerned with the 
putative supervenience of the behaviour (or the properties) of one system 
(the billiard ball) on the properties or the behaviour of the constituents of 
this system.’ 

The only difference between the epiphenomenalist model and the model 
of supervenient causation is in the explication of the dependence relation 
between the two kinds of behaviour involved. Whether one is willing to accept 
supervenient causation as genuine causation is, as before, questionable. 
Figure 7.2 is an illustration of this proposal. 

Finally there is the reductionist model, as Kim calls it. According to this 
view the behaviour of the compound systems has to be identified with the 
behaviour of their constituents and the relations that obtain among them. 
The idea is that the molecules do all the causal work that needs to be done. 
Figure 7.3 illustrates the reductionist model. On this model the macro-causal 
relation between the behaviour of A and of B is identified with the micro- 
causal relations among the molecules. On this account macro-causal rela- 
tion are the real relations that turn out to be identical with micro-causal 
relations. 

We have left it completely open what we take the notion of causation to 
be — as does Kim in his writings on the relation between macro-causal and 
micro-causal relations. My argument against micro-causation will not rest on 
a particular account of causation. However, since the account of laws I have 
given in Chapter 2 naturally suggests a way of thinking about causation 
I cannot refrain from sketching it. 


behaviour of A behaviour of B 
identical with identical with 

behaviour of the causes behaviour of the 

constituents of A constituents of B 


Figure 7.3 The reductionist model of causation at the macro-level. 
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Causation 


Hitherto we have considered systems as described by the sciences. In this 
chapter we are dealing with causal relations among systems (or events). The 
question we have to deal with is whether there is place for causal terminology 
in a scientific description of the world. After all, Bertrand Russell famously 
claimed that ‘physics has ceased to look for causes’ (Russell 1912/13: 1) and 
Norman Campbell even maintained that ‘the use of a causal relation in a 
law is a confession of incomplete knowledge’ (Campbell 1957: 66—7). I will 
argue that causal claims and scientific claims go together and that there is 
no need to abstain from causal terminology in a scientific context. 

The account of causation I am proposing is best understood as a 
modification of David Lewis’s counterfactual theory of causation. The 
observation that a cause is something that makes a difference has been the 
starting point for counterfactual analyses of causation. If the cause had not 
occurred neither would the effect. According to David Lewis’s account an 
event c is a cause of an event e if c is part of a causal chain that leads up 
to e. A causal chain is a sequence of events c, d, e, etc. such that d depends 
causally on c, e depends causally on d, etc. Finally causal dependence is 
spelt out in terms of counterfactual dependence. 

Lewis defines counterfactual dependence among events as the counterfac- 
tual dependence between the corresponding propositions O(c) and O(e), which 
state that c occurs and that e occurs. For e to depend causally on c it has to 
be true that, first, if c occurred e would occur and, second, if c had not 
occurred e would not have occurred either. 


(1) O(c) O> Of) 


(2) ~O(c) OU ~O(e) (the Ludovician counterfactuals) 
(Lewis 1973: 167) 


Any two events for which these two counterfactuals are true depend on one 
another causally. 

According to Lewis the truth conditions of the relevant counterfactuals 
are defined in terms of possible worlds. 


ALJ-C is true (at a world w) iff either (1) there are no possible 

A-worlds (in which case ALI>C is vacuous), or (2) some A-world where 

C holds is closer (to w) than is any world where C does not hold. 
(Lewis 1973: 164) 


Closeness is spelt out in terms of similarity and similarity in turn depends to 
a large extent on shared laws of nature. At any event, the central idea is that 
we have to consider possible worlds in which A is true and possible worlds 
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in which C is true. The counterfactual ADC is true if among the A-worlds 
the one most similar to our actual world turns out to be a C-world as well. 

In the billiard ball case A’s collision with B caused B’s deflection. The 
first counterfactual we need to consider is the claim that if A had collided 
with B, B would have been deflected. The world closest to our actual 
world in which the antecedent is true is the actual world itself. The con- 
sequent is true in the actual world as well. Thus the first of the Ludovician 
counterfactuals is true. According to the second counterfactual, if the 
collision had not occurred B would not have been deflected. According to 
Lewis for the second counterfactual we have to consider possible worlds in 
which no collision occurs. The second counterfactual is true (in our world), 
says Lewis, if among these worlds the subset of those worlds in which B is 
deflected (even though no collision has occurred) is less similar to our actual 
world than at least one world in which B is not deflected (and no collision 
has occurred). 

Lewis’s account has to confront some difficulties. First, there are well- 
known counter-examples of cases in which the relevant counterfactuals 
hold but fail to pick out causal relations, such as ‘If my sister had not given 
birth at t, I would not have become an uncle at t.’ or ‘If yesterday had not 
been Monday, today would not have been Tuesday.’ These counterfactuals 
hold in virtue of linguistic conventions, not in virtue of causal relations. It is 
a linguistic convention that the days after Mondays are called “Tuesday’ 
(Kim 1973b). 

A second problem has been posed by Philip Kitcher. It concerns Lewis’s 
account of the counterfactuals’ truth conditions, i.e. their semantics. Lewis 
relies on possible worlds. The problem that arises concerns our epistemo- 
logical access to possible worlds. How do we ever get to know, on this 
account, that a causal relation actually holds? 


[T]he best semantic accounts make reference to possible worlds, our 
best epistemological views make knowledge (and justification) depend- 
ent on the presence of natural processes that reliably regulate belief, and 
it is (to say the least) unobvious how any natural process could reliably 


regulate our beliefs about possible worlds. 
(Kitcher 1989: 473) 


A third problem that has attracted a lot of attention is pre-emption. Sup- 
pose the billiard balls in our example are on a billiard table somewhere in 
San Francisco. Shortly after the collision between billiard balls A and B 
there is an earthquake such that if the collision had not occurred, B would 
nevertheless have been deflected. The counterfactual ‘If A had not collided 
with B, B would not have been deflected’ turns out to be wrong if its truth 
value'is determined according to Lewis’s proposal. However, we still want 
to say that the collision caused the deflection. 
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What I want to argue is that one does not need the possible worlds 
semantics for those counterfactuals that are relevant for spelling out the 
dependence among causes and effects. Let me explain. Causes and effects have 
to be actual. When we consider whether event c is a cause of event e, we pre- 
suppose that c and e are actual or that O(c) and O/(e) are true. The truth of 
O(c) and O(e) collectively entail the truth of the counterfactual (1). But 
there is no need to state the counterfactual in the first place. My first claim 
is therefore that for causal dependence among actual events the Ludovician 
counterfactuals can be replaced by the following two conditions: 


(1*) O(c) & O(e) 
(2) ~O(c) U- ~O/(e) (as before) 


So we are left with one counterfactual claim. This claim is meant to capture 
the intuition that if the cause had not occurred the effect would not have 
occurred either. 

What I maintain is that whether or not (2) is true is entirely a matter of 
laws of nature. In what follows I will refer to this account of causation as 
‘NULA’ (Nomologically Updated Ludovician Account). I will introduce 
NULA by way of discussing an example. 

So, let us assume that billiard balls A and B roll towards each other, that 
they shortly interact at time t; and move apart from each other in a different 
direction and with a different velocity at time t,. With the exception of a 
short period of interaction both A and B can be considered to be closed or 
isolated systems before and after the interaction took place. It is in this 
sense that I will call A and B semi-closed systems.’ 

In our example A causes B’s behaviour to change and, similarly, B causes 
A’s behaviour to change (see Figure 7.4). 

Let us focus on A causing B’s behaviour to change. Why do we hold that 
A is a cause of B’s change in behaviour? If A had not collided with B, 
B would have taken path b* rather than path b — as it actually has (see 
Figure 7.5). The fact that B is disturbed by A makes the difference that is 
relevant for causation. 


O O 
B B 
t, t t, 


Figure 7.4 Behaviour of billiard balls A and B. 
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b: B’s actual path 
b*: the path B would have taken if A had not interfered at time t, 


Figure 7.5 Behaviour of billiard ball B. 


NULA’s central idea is simple. As I elaborated in Chapter 2, laws of 
nature describe how systems would behave if they were isolated. Laws of 
nature usually describe counterfactual situations and should therefore be 
read as saying, for instance, ‘If the hydrogen were isolated it would behave 
according to the Schrédinger equation with a Coulomb potential.’ According 
to NULA it is exactly these kinds of counterfactuals that are appealed to 
in condition (2). Causal dependence is spelt out in terms of nomological 
counterfactuals. Laws of nature tell us how a system would behave if its 
behaviour were not caused to change by some external factor. 

Consider the billiard ball scenario. We want to say that A’s collision with 
B caused B to be deflected. How does NULA analyse the situation? Since 
the effect-event follows the cause-event immediately we do not have to 
consider causal chains. The essential conditions are therefore (1*) and (2). 
(1*) is fulfilled because the collision has occurred and B has been deflected. 
(2) turns out to be true because there is a law that tells us that B would have 
continued along path b* if it had continued to be isolated. If B were isolated 
it would behave according to the Hamilton equations with the Hamilton 
function H = p?/2m. Less pretentiously, it is Newton’s first law that tells us 
how B will continue in the absence of a collision. The counterfactual (2) is 
true because there are laws about what would happen in the absence of the 
cause-event. 

This analysis is adequate in general. We do not need possible world 
semantics for (1*) and (2). (1*) simply registers that the cause-event and the 
effect-event have occurred. (2) cites a law that states how a system that goes 
into the effect-event would have behaved if it had remained isolated. One 
may call this a possible world, or a possible mini-world;* however, these 
worlds are not the kinds of worlds Lewis deems to be relevant for his ana- 
lysis. The worlds he considers to be relevant have to be similar to our actual 
world in the sense that they have to include all kinds of things such as the 
Milky Way, earthquakes in Turkey, the complete history of the Roman 
empire and other facts, all of which seem to be completely irrelevant for 
whether or not billiard ball A causes billiard ball B to be deflected. This - 
difference is important for the question of pre-emption. 
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So far we have considered the question whether A brings about a change 
in the behaviour of B at all. That seems to me to be the core question if one 
asks for causes. However, one might also be interested in more detailed 
functional dependencies, for example between A’s velocity and B’s angle of 
deflection. Even though functional dependence of the above kind has been 
regarded as a successor relation to causal dependence (by Mach and Russell) 
it seems perfectly reasonable to consider functional dependencies of the 
above kind as causal dependencies. They can be considered as causal 
because (1*) and (2) hold in such cases. Let us consider the case whether the 
fact that B has been deflected by 30° is causally dependent on A’s having 
velocity Vv). What we need to know in this case is whether it is true that 


(1*) A has velocity v) and B has been deflected by 30° 


(2) If A had collided with B but had not had velocity v, B would 
have been deflected by a different angle. 


In the case of the more detailed causal (functional) dependencies, it is not 
laws about isolated systems that come into play. What we need to rely on 
is a detailed calculation of the interaction in question. In the case of the 
billiard balls laws of conservation will suffice to figure out how B would 
have behaved if A had a different velocity. The essential point is that the 
causally relevant counterfactuals turn out to be counterfactuals that hold in 
virtue of laws of nature — whether we are dealing with the standard cases of 
causal dependence or the more elaborated cases in which a detailed account 
of the interaction comes into play. 

Let me summarize. According to NULA, causation is a relation among 
events such that an event c is a cause of an event e if c is part of a causal 
chain that leads up to e. A causal chain is a sequence of events c, d, e, etc. 
such that d depends causally on c, e depends causally on d, etc. (as in Lewis). 
Two events c and e causally depend on one another if the following con- 
ditions hold: 


(1*) O(c) & Ofe) 
(2) ~O(c) D> ~O(e) 


Counterfactual (2) is true in virtue of laws of nature, which pertain either to 
isolated systems or — in the case of more detailed causal considerations — to 
the dependence of the system’s behaviour on the interaction in question. 

Let me finally discuss some of the advantages of NULA. First, NULA 
explains how causal terminology and laws of nature fit together. It is laws of 
nature that we rely on in assuming that if the cause had not occurred the 
effect would not have occurred either. 
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Second, NULA excludes some of the counter-examples against Lewis’s 
account, such as those depending on linguistic conventions. According to 
NULA condition (2) has to be true in virtue of laws. Thus, counterfactuals 
that are due to conventions have to be excluded. 

Third, if one accepts the account of laws of nature I have given in Chap- 
ter 2 Kitcher’s problem of the epistemic access is resolved. Causal claims 
essentially rely on laws of nature. Laws of nature describe dispositions of 
systems. These dispositions can be measured and are therefore epistemically 
accessible. Dispositions allow counterfactuals to be true in virtue of facts 
in this world only. 

Fourth, since we do not have to rely on the possible world semantics in 
order to check the truth of counterfactual (2) we do not run into the prob- 
lem of pre-emption. Laws of nature typically concern isolated systems. 
Whether or not billiard ball A caused billiard ball B to be deflected depends 
entirely on what B would have done if A had not collided with B according 
to the laws of nature. The relevant law of nature is one that considers B in 
complete isolation. It tells us that B would have continued along b*. The 
fact that in the actual world there is an earthquake is not relevant for 
the counterfactual in question and a fortiori not relevant either for causal 
dependence in this case.> Causal dependence holds in virtue of laws of 
nature. Laws concern abstract situations in which the details of the actual 
world, such as earthquakes, have to be neglected. Thus, an advocate of 
NULA has no problem with pre-emption.° 
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According to NULA causation can be understood in terms of counterfactuals 
that hold in virtue of laws of nature. The essential point for what follows 
is that for an event to be a cause a law of nature has to be instantiated so as 
to give rise to the appropriate counterfactuals. Accounts of causation that 
require laws to be instantiated for causal relations to obtain are widespread.’ 
In any event, Kim, in arguing for micro-causation, assumes that the causal 
relations involved are ultimately backed up by laws of nature. 
His argument for micro-causation runs as follows: 


In this global microdeterministic picture there is no place for irreduc- 
ible macrocausal relations. We expect any causal relation between 
two macroevents...to be micro-reductively explainable in terms of 
more fundamental causal processes, like any other facts involving 


macroproperties and events. | 
(Kim 1984b: 97)° 


The micro-explanation he appeals to involves explanation in terms of 
micro-laws on whatever account of causation: 
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If the causal relation is backed up by a law relating F and G [two macro- 


properties], we would expect this macrolaw to be microreducible. 
(Kim 1984b: 97) 


If on the other hand a counterfactual account of causation is true the hold- 
ing of a macro-counterfactual can be explained in terms of micro-laws as 
well. 


If the causal relation is at bottom just some kind of counterfactual 
dependency, then the macrocounterfactual ‘If x had not been F, y 
would not have been G’ should be grounded in some lawlike connection 
involving microproperties associated with x and y in relation to F and 
G; or else, there should be some basic counterfactual dependencies 
involving microconstituents of x and y that can explain the counterfactual 
dependency between F and G. 

(Kim 1984b: 97) 


Given NULA and Kim’s argument I will assume — without loss of generality 
— that micro-causal relations require micro-laws. 

I am now in the position to assess whether the microphysicalists are 
entitled to hold the thesis of micro-causation on the basis of the availability 
of micro-explanations. I will consider the tenability of the three models of 
micro-dependent macro-causal relations in turn. 

The epiphenomenalist model may be of some use in characterizing the 
relation between two properties of the same system, an issue we are not 
dealing with. In our case it is inadequate because it gets the part-whole 
relation wrong. The part—whole relation is not a causal relation. If it was 
a causal relation one would expect the time parameter to play a role in 
the exact description of the relation. However, no such time parameter is 
mentioned in the laws of composition (see discussion on pp. 82-3). There- 
fore, the behaviour of the parts cannot be said to cause the behaviour of the 
compound. Thus, micro-explanation does not support the epiphenomenalist 
reading of the claim that macro-causal relations hold in virtue of micro- 
causal relations. 

The same kind of argument works for the supervenient causation model. 
As explained in Chapter 6 the supervenience relation fails to obtain between 
the behaviour of the compound and that of the parts. The microphysicalist 
might react by slightly modifying this model and resort to determination 
instead of supervenience. The behaviour of the compound is determined 
by how the parts would behave in isolation. However, this determination 
relation does not support the kind of claim the microphysicalist is interested 
in. As was pointed out in Chapter 5, the determination relation is non- 
hegemonic. There is therefore no reason to claim that the macro-causal 
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relation holds in virtue of the micro-causal relation, in so far as that is meant 
to express some kind of hegemony of the micro-level. 

According to the reductionist model the behaviour of the compound that 
brings about a change in another (compound) system is identical with 
the behaviour of the parts of the compound. Therefore the causal relation 
between the compound and the other (compound) system holds in virtue of 
causal relations among the parts of the compounds. What’s wrong with this 
argument is its premise. The behaviour of a compound cannot simply be 
identified with that of its parts, as is elaborated in Chapter 6. The behaviour 
of the compound is not even determined by the behaviour of the parts on 
their own, let alone identical to it. The behaviour of the parts plus the 
laws of composition determine the behaviour of the compound. The causal 
relations among compound systems can, therefore, not simply be identified 
with causal relations among their parts. 

As a result none of the three readings of the micro-causation thesis is 
compatible with the evidence from micro-explanation. Furthermore, there is 
an additional argument against all three kinds of model. It relies on the fact 
that the relevant laws of nature have to be instantiated for a causal relation to 
obtain. Since micro-explanation does invoke laws for the parts that are 
instantiated counterfactually but not actually, it undermines the claim that 
micro-causal relations obtain at all. 4 fortiori, if micro-causal relations fail to 
obtain, the thesis of micro-causation turns out to be false. There simply are 
no micro-causal relations in virtue of which macro-causal relations might hold. 

Let me elaborate this point a little. According to NULA as well as to 
Kim’s own argument the system that does the causing has to instantiate a 
law in order to fill this role. This instantiation condition for causation is an 
explication of the intuition that causes have to be actual while they do the 
causing. For something to be a cause of the change of the behaviour of a 
system it has to be actual while it does the causing. Your still non-actual 
offspring is not yet able to intimidate your neighbour by throwing stones 
at her window. Billiard ball A’s behaviour can be cited as a cause of 
B’s change of behaviour because its state, its constants and its lawlike 
behaviour are actual. In short, a necessary condition for something to be 
a cause is its actuality (i.e. its being actual while it does the causing). 
This condition is tantamount to the requirement of the relevant laws to be 
instantiated, i.e. the relevant behaviour to be manifest. 

As we have seen in the previous chapter micro-explanation entails that 
the law for the compound is instantiated whereas the laws for the parts are 
not instantiated. The argument relied on the fact that in micro-explanation 
the compound system’s behaviour is explained in terms of counterfactual 
behaviour of the parts. It is the counterfactuality of the parts’ behaviour 
that entails that the laws for the parts are not instantiated. If the law for the 
part that is appealed to in micro-explanation is not instantiated then the 
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behaviour of the part cannot qualify as the cause of whatever the compound 
causes. Again, micro-explanation, far from warranting the microphysicalists’ 
thesis, gives us conclusive reason to reject the thesis of micro-causation. 
Micro-explanation entails that a necessary condition for micro-causation to 
make sense, the actuality of the micro-causes, i.e. the instantiation of the 
micro-laws, is not met. 

In the case of the two colliding billiard balls, it was said that billiard ball 
A causes billiard ball B to take path b rather than path b*. A’s behaviour — 
its bumping into B — can be micro-explained on the basis of the behaviour 
of the molecules that constitute A and the laws of composition. Does this 
kind of micro-explanation imply that it is the molecules rather than A that 
do the causal work? Does it imply that the macro-causal relation between 
A and B holds in virtue of micro-causal relations among the molecules? 
It is these kinds of claims that microphysicalists affirm. But they are not 
supported by micro-explanation. Micro-explanation explains A’s beha- 
viour in terms of what the molecules would do if they were on their own, 
plus laws of composition. These counterfactual situations cannot serve as 
the basis for claims about actual causal relations among the molecules in 
question. 

It should be evident that this argument undermines all three models for 
macro-causal relations that hold in virtue of micro-causal relations. The 
thesis of micro-causation has therefore been confuted.” 

So what are genuine causes or genuine causal agents? I have argued that 
for a system to be a genuine causal agent it needs to instantiate a law. For 
only a system that manifests the lawful behaviour in question can be con- 
sidered to be a cause. As I indicated before, instantiation is relative to 
pragmatic considerations. A fortiori, the same kind of relativity is conferred 
on causation. What I have argued for is the following: Jf a system is treated 
as a compound — as in micro-explanation — the subsystems fail to be isolated. 
Therefore, the behaviour of the subsystems is not manifest. Furthermore, 
if a system is treated as a compound its behaviour, the explanandum, is 
manifest. Therefore, whenever a system is micro-explained such an explana- 
tion provides evidence for the instantiation of the macro-law and against 
the instantiation of the micro-laws. It thus provides evidence for the claim 
that the compound rather than the parts are the causal agents. However, as 
before, it is a separate issue whether it is reasonable to consider something 
as a compound system. 

What we are left with are causal relations between all kinds of systems 
(biological, chemical, biochemical, physical, etc.). These can be explained 
in terms of micro-laws, but that does not convert them into micro-causal 
relations. We are left with genuine chemical causes, genuine biological causes, 
genuine neurophysiological causes and genuine mental causes. They are genu- 
ine in the sense that they do not hold in virtue of underlying micro-causal 
relations. 
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Conclusion 


Chapters 5 to 7 have shown that neither the thesis of micro-determination 
nor that of micro-government or micro-causation is supported by explana- 
tions of the behaviour of compound systems in terms of that of their parts. 
None of the readings of microphysicalism is even compatible with the 
alleged evidence from micro-explanation. The evidence points rather to a 
more egalitarian conception of pragmatic pluralism. But that is the topic of 
the next chapter. It is furthermore time to have a look at the implications 
of the rejection of microphysicalism for other forms of physicalism. 


Chapter 8 


Microphysicalism, physicalism 
and pluralism 


In the preceding chapters I argued that microphysicalism is not a tenable 
position. But physicalism is not necessarily microphysicalism. In this final 
chapter I will deal with the question how our findings affect other forms of 
physicalism, in particular identity-physicalism. Furthermore, I will advocate 
pragmatic pluralism as an alternative to microphysicalism. 


Definitions of physicalism 


Besides microphysicalism and identity-physicalism there are other versions 
of physicalism. I will start by briefly discussing two notions of physicalism 
that I take to be insufficient in so far as they fail to capture core materialist 
intuitions. It is not my intention to give a complete account of these core 
materialist intuitions but among them are certainly the beliefs, first, that 
materialism or physicalism is an ontological view and, second, that everything 
is the way it is in virtue of the physical. 

The first intuition excludes definitions of physicalism that focus on the 
availability of physics-based explanations. The claim that ‘the physical realm 
[is] supposed to explain everything else’! is not an ontological view, and thus 
not an appropriate definition of physicalism. Claims about explanation and 
ontology need to be distinguished. The move from explanatory success to 
underlying ontological structure is far from trivial, as I hope to have shown 
in the preceding chapters. 

The other notion of physicalism I briefly want to discuss is the one 
proposed by Frank Jackson. The problem with his definition is that it does 
not capture the intuition that everything is the way it is in virtue of the 
physical. According to Jackson physicalists hold that: 


(P) Physicalism is true iff every world that is a minimal physical duplic- 
ate of the actual world is a duplicate simpliciter? 


What (P) implies depends on how we read ‘physical’. Let us start with the 
assumption that the physical is to be understood as the microphysical. 
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Whether every minimal microphysical duplicate of the actual world is a 
duplicate simpliciter does depend on what we include among the micro- 
physical. If the laws of composition are not included, there are other possible 
worlds where different laws of composition obtain. There would be duplicates 
of the microphysical that fail to be duplicates of the actual world. So let 
us include the laws of composition among the micro-laws. Then it turns out 
to be true that, if the world contains nothing but facts and laws that are 
explainable in terms of microphysics, every world that is a microphysical 
duplicate of the actual world is a duplicate simpliciter of our world. How- 
ever, we still haven’t got what we were looking for — a properly physicalistic 
position. 

The point is that the iff-clause might hold but the ontological priority 
claim may fail to obtain. What the physicalist needs to claim is that all the 
non-physical facts hold in virtue of the physical facts. But the iff-clause is 
compatible with mutual determination relations. From what we have learned 
in Chapter 5 we know that the micro-laws plus the laws of composition 
determine the macro-laws (the non-microphysical). However, at the same 
time the macro-laws plus some micro-laws determine the behaviour of other 
parts. There is no ontological priority of the micro-level. Since principle (P) 
is compatible with mutual determination relations it is not an adequate 
explication of physicalistic intuitions. 

A similar worry has been voiced by Barry Loewer. He reads Jackson’s 
definition of physicalism as an attempt to define identity-physicalism. 


The worry is that (P) may not exclude the possibility that mental and 
physical properties are distinct but necessarily connected in a way that 
neither is more basic than the other. In this case it doesn’t seem correct to 
say that one kind of property obtains in virtue of the other’s obtaining. 

(Loewer 2001: 39) 


Whether we give (P) a microphysicalist or an identity-physicalist reading, 
the problem is essentially the same. Claims about duplicates do not entail 
that properties or laws of one kind obtain in virtue of properties or laws of 
another kind. They assert a covariance of these properties. 


Microphysicalism and identity-physicalism 


According to the multilayered picture of reality, sketched in Chapter 1, 
nature is stratified into different layers. Many philosophical issues hinge on 
how one conceives the relation of the adjacent levels. What I argue for in 
this book is that two separate issues are involved in this relation: one is the 
relation of two properties of one and the same system, another is the relation 
of parts and wholes. Thus, when we consider a certain macro-property, say, 
the conductivity of a certain copper wire in relation to the properties of the 
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constituents of the wire, we have to envisage two issues. First is the question 
whether having a certain conductivity is identical to or realized by some 
microphysical property of the wire. Second, we have to consider whether 
this micro-based property is governed by microphysical laws, whether the 
ultimate causal agents are the electrons, etc. 

These different kinds of relation give rise to different kinds of micro- 
explanation, as we have seen in Chapter 3. Correspondingly, different kinds 
of physicalism focus on one of the two relations. Identity-physicalism is a 
claim about two kinds of properties of the same system. With respect to 
the mental and the physical it asserts that mental properties of systems 
or persons are identical to the physical properties these systems or persons 
possess. Microphysicalism on the other hand focuses on the part—whole 
relation. The theses of micro-determination, micro-government and micro- 
causation concern the question whether there is an ontological priority of 
the level of the fundamental parts vis-d-vis the level of the compounds. 

What is the exact relation between microphysicalism and _ identity- 
physicalism? Identity-physicalism makes no claim at all about the relation of 
parts and wholes. Whether or not the micro-based property that it identifies 
the mental with is hegemonically determined by the properties of the parts is 
left completely open. The identity-physicalist is committed neither to the 
claim that the parts hegemonically determine the compounds, nor to the thesis 
that micro-laws govern everything, nor to the thesis that the constituents 
of compound systems are the ultimate causal agents. Microphysicalism on 
the other hand, even though it focuses on the part-whole relation, has a 
view on the identity issue as well — at least if we stick to Pettit’s conception 
of microphysicalism: 


[M]icrophysicalism . . . is the doctrine that actually (but not necessarily) 
everything non-microphysical is composed out of microphysical entities 
and is governed by microphysical laws. 

(Pettit 1994: 253) 


This formulation implies that there is no property or behaviour of a macro- 
system that fails to be governed by microphysical laws. A fortiori the macro- 
system cannot have any properties but micro-based properties. If a system has 
mental or biological properties they have to be identical with micro-based 
properties, given the truth of microphysicalism. Thus microphysicalism asserts 
not only the hegemony of the micro-level but also that micro-based properties 
are all there really are. It is therefore a stronger position than identity- 
physicalism. Microphysicalism entails identity-physicalism but not vice versa. 

Two questions remain. First, what bearing do the arguments I have 
provided against microphysicalism have on identity-physicalism? Second, 
what are the implications of my arguments for the philosophical significance 
of identity-physicalism? 
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There is a short answer to the first question. All of my arguments against 
microphysicalism concern the part-whole relation. Since identity-physicalism 
is not committed to any view about the part—whole relation it is not 
affected by these arguments. The rejection of microphysicalism is completely 
compatible with an adherence to identity-physicalism. 

It follows that identity-physicalism is immune to the arguments in 
Chapters 5 to 7. The drawback is that identity-physicalism on its own 
has less ontological significance than physicalistic positions that make 
such a commitment. This becomes particularly apparent in Jaegwon Kim’s 
1998 book. In it he sets the scene by outlining some interesting pro- 
blems concerning the relation of levels within the multilayered conception of 
reality. 


Now we come to a crucial question: How are the characteristic prop- 
erties of a given level related to the properties at the adjacent levels — 
in particular to those at the lower levels? How are biological (‘vital’) 
properties related to psychochemical properties? How are conscious- 
ness and intentionality related to biological/physical properties? How 
are social phenomena, phenomena characteristic of social groups, related 
to phenomena involving individual members? As you will agree these 
are among the central questions of philosophy of science, metaphysics, 
and philosophy of mind. 

(Kim 1998: 16) 


The striking thing is that we do not get an answer to these questions. Kim 
defends a version of identity-physicalism. He is very explicit that his view 
concerns two properties of the same system and that it should not be conflated 
with microphysicalism (Kim 1998: 117).’ Identity-physicalism with respect 
to a certain class of properties claims that these are identical to micro-based 
properties. A fortiori, they are properties of systems that can be micro- 
explained on the basis of the properties of the constituents of these systems. 
But whether this entails that certain ontological relations obtain between 
parts and wholes is outside the scope of identity-physicalism. The relation of 
phenomena concerning social groups and those of their individual members 
is a question of the relation of parts and wholes. Identity-physicalism is 
silent on this issue. Similarly the question whether mental properties are 
identical to neurobiological properties is only a first step in assessing the 
question of how mental properties are related to the properties of entities of 
the adjacent levels. It is essentially a question of those issues microphysicalism 
focuses on, i.e. a question of the relation between the system that has the 
micro-based mental properties and its constituents. 

To ‘sum up: Identity-physicalism is silent on the part-whole relation. 
Therefore, on the one hand it is not affected by the arguments against 
microphysicalism; on the other hand it does not on its own provide an 
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interpretation of the multilayered conception of reality. In this respect it has 
less ontological significance than other brands of physicalism. 

So our rejection of microphysicalism does not apply to identity-physicalism. 
But what about the evidence for identity-physicalism? This is ultimately a 
contingent, empirical matter. Whether or not micro-explanations (1) are to 
be had, i.e. the demonstration that a micro-based property fills exactly the 
causal/functional role of another property of the same system, depends on 
whether the two properties in question are correlated appropriately.* Fur- 
thermore, as I argued on pp. 69-70, the availability of micro-explanations (1) 
is not a knock-down argument for the identification of the two properties or 
for the claim that the one realizes the other. However, given that theological 
and other considerations that motivated the development of alternative 
accounts such as parallelism are no longer pertinent, the identity thesis and 
the realization thesis seem the most reasonable accounts of why we have 
micro-explanation (1). 


Ontological unity and pragmatic pluralism 


Given that microphysicalism is the wrong account of the multilayered 
conception of reality, what should we replace it with? I suggest it should be 
superseded by a pragmatic pluralism that is tied to an ontological unity of 
nature. Pluralism and unity are usually conceived as being incompatible. 
The reason is that unity has traditionally been explicated in terms of 
microphysicalism (as, for example, in the cases of Putnam and Oppenheim 
as well as Peter Smith, briefly discussed in Chapter 1). It was argued that 
nature is unified in the sense that ultimately everything is composed out of 
microphysical parts and governed by microphysical laws. Clearly, unity thus 
conceived is incompatible with pluralism, which requires that none of the 
various layers of nature is ontologically privileged. 

So what kind of unity do we have after the demise of microphysicalism? The 
lesson of Chapter 5 was that successful micro-explanations (3) presuppose 
determination relations to obtain between parts and wholes, and a fortiori 
between entities of different levels of the multilayered conception of reality. 
These determination relations between parts and wholes constitute an ontolo- 
gical unity of nature in a twofold sense. First, a small number of determination 
relations suffices to fix the relation between all kinds of compound systems and 
their constituents. Second, the system of determination relations makes a 
unified whole out of nature. There is more to nature than one little fact and 
then another. (This twofold ontological unity is furthermore closely related to 
a descriptive kind of unity. Given ontological unity it makes sense to search for 
unified descriptions of all of nature — at least in the sense that it encourages 
us to look for descriptions of compound systems and their constituents that 
cohere with one another.) This conception of unity can be had without 
relying on the assumption that the micro-level is ontologically privileged. 
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Now for pragmatic pluralism. Biological, chemical and other non- 
microphysical systems are composed out of microphysical systems. Thus, 
the part-whole relation establishes an ordering among the systems. An 
ordering, however, is not the same thing as a hierarchy, let alone a dictator- 
ship. The fact that everything non-microphysical is composed out of micro- 
physical entities is an interesting fact but it is a fact that even an emergentist 
lives with. Furthermore we assumed that the compounds’ behaviour can 
— at least in principle — be explained by how the microphysical parts 
would behave if they were isolated (plus laws of composition and laws of 
interaction). However, successful micro-explanations (3) do not support an 
hierarchical ordering of nature either. The analysis of micro-explanation in 
the previous chapters yielded the conclusion that there is a mutual deter- 
mination between the parts and the compound. The behaviour of parts and 
compounds determine each other according to laws of composition. This 
determination relation is non-hegemonic. There is no one-way determination 
of the macro-level by the micro-level. 

I furthermore argued that, if it is reasonable to describe a compound 
system on its own, a successful micro-explanation of its behaviour 
entails that the macro-law, i.e. the law for the compound, 1s instantiated 
as opposed to those micro-laws that the micro-explanation refers to. 
Instantiation gives rise to a modest kind of autonomy of the macro-law. 
It is modest because it is subject to prior considerations about whether 
it is reasonable to describe the explanandum-behaviour as the behaviour of 
one compound system. This carries over to the attribution of causation. 
Causation requires laws to be instantiated. Therefore causal agency has 
to be attributed to the compound system rather than to its parts. There 
are no definite facts in nature that determine whether to consider a system 
as a compound on its own or as part of a larger compound. Pragmatic 
factors play an essential role. Whether we pick out the planetary system as 
a whole and look at its constituents or whether we consider it as part of 
the Milky Way depends on our explanatory goals. Similarly we can treat 
a plant as an organism in its ecological niche or as a system composed out 
of certain physico-chemical constituents and their interactions. Whether 
we focus on ecological or physico-chemical properties depends on prior 
pragmatic considerations. There is more than one way to describe parts of 
nature. 

I take it to be the moral of the arguments I have presented that we ought 
to subscribe to a pluralistic view, as described by Crane and Mellor, for 
example: 


There are many kinds of particulars, properties and facts, including 
pliysical, chemical, biological, psychological and social ones, none of 
which we see any a priori reason to believe more basic than any other. 

(Crane and Mellor 1995: 88) 
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There are many kinds of systems, microphysical, many-particle-physical, 
chemical, biological, etc. These systems are autonomous in the modest sense 
of instantiating their own laws. What kind of system we consider as a 
compound and a fortiori what kind of description can be considered to be 
adequate depends on pragmatic factors. 

What we end up with — what the success of part-whole micro-explanations 
points to —is that parts and wholes stand in mutual determination relations. 
These give rise to the ontological unity of nature. This ontological setting 
leaves room for considering all kinds of different properties of systems, 
depending on what system we consider to be a compound on its own. 
Successful part-whole micro-explanations therefore support pragmatic 
pluralism. 
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Kim has renounced microphysicalism — as opposed to identity-physicalism — in 
later writings (see, e.g., Kim 1998: 117). 

I will sometimes talk — rather loosely — of micro-determination, micro- 
government and micro-causation as claims or theses and sometimes as states of 
affairs, when the context prevents any ambiguity. 

The idea that the micro-properties determine the macro-properties is often spelt 
out in terms of the notion of supervenience. For reasons that become apparent in 
Chapter 6, I prefer the notion of micro-determination. 

Smith does not think that this principle can be applied thoroughgoingly. He has 
some qualms over its applicability in the realm of quantum phenomena. 
Micro-explanation is sometimes called ‘micro-reduction’. That expression has 
the disadvantage that it leaves open whether we are dealing with an epistemolo- 
gical or an ontological issue. Since one of my main points is that the two 
issues should not be conflated I will stick to ‘micro-explanation’, which is free of 
ontological overtones. 

In the 1980s Kim defended microphysicalist theses himself. See pp. 7-9 above. 
The converse does not hold, at least if we stick to Pettit’s notion of micro- 
physicalism. That formulation (see p. 8) implies that there is no property or 
behaviour of a macro-system that fails to be governed by micro-physical laws. 
A fortiori, the macro-system can have no properties but micro-based properties. 
If a system has mental or biological properties they have to be identical with 
micro-based properties, given the truth of microphysicalism. 

For a discussion of problems concerning the characterization of ‘physical’ and 
‘physicalism’ see Crane and Mellor 1990. 

There might be problems with the part—whole relation as well. The descriptions 
physics provides of this relation have, for instance, changed from classical to 
quantum mechanics. However, there seems to be more of a continuity than in 
the case of ‘material’ or ‘physical’. Furthermore, the part-whole relation is com- 
pletely fixed within physics, whereas definitions of ‘material’ or ‘physical’ are open 
to interpretation. 

The first premise is almost certainly too strong. As stated a simple causal chain is 
a counter-example to premise (1). If a causes b and b causes c, b may very well be 
causally sufficient for c but a is nonetheless causally relevant for c. 

Not even Benjamin Libet — on the basis of his experimental work — disputes this 
claim. First, Libet is exclusively concerned with conscious mental states not with 
mental states in general. Second, even with regard to conscious mental states his 
view is that they play no role in initiating a volitional process. But they may 
nevertheless veto the act (Libet 1999). 
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One might object that ‘all Fs are Gs’ is equivalent to ‘all non-Gs are non-Fs’. Do 
all non-Gs instantiate this latter law? If so, then so long as equivalent laws are 
instantiated by the same items, both these laws would seem to be instantiated by 
everything. My reading of ‘instantiation’ does not allow for this. I consider laws to 
attribute a certain behaviour or property (G) to a class of systems (Fs). The law 
is instantiated by the Fs if they are Gs. If the Fs fail to be Gs the law is not 
instantiated, according to my definition of instantiation. 

Elsewhere I have argued in more detail that theories of laws that do not 
assume dispositions have severe difficulties in explaining our explanatory practice 
(Hiittemann 1998). 


3 Micro-explanation 
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Parts of this chapter are revised versions of parts of a previous publication 
(Hittemann and Terzidis 2000). 

I would like to thank Alexander Altland, Andreas Bartels and Claus Kiefer for 
helpful discussions of the issue dealt with in the section ‘The case of quantum 
entanglement’. 

The constants of a system are a special case depending on whether they are 
universal such as Planck’s constant or, as is the case with mass, are constant only 
relative to a particular system. In the former case there is no micro-explanation, 
in the latter case either the micro-explanation concerns the question why a com- 
pound has a determinate mass value given the values of the parts or it concerns 
the question how the determinable property mass depends on the determinable 
properties of the parts. In the former case we have an instance of state-micro- 
explanation, in the latter an instance of law-micro-explanation. 

There is a problem here with the notion of ‘property’. In the philosophy of mind, 
concepts such as micro-determination and supervenience are often expressed in 
terms of ‘property’. In physics, however, it is more appropriate to talk about the 
behaviour of a system, i.e. its laws, states and constants. For the time being 
I will use the notions of ‘property’ and ‘behaviour’ interchangeably. Towards the 
end of this chapter I discuss the question of how micro-explanation of laws and 
states relates to micro-explanation of properties. 

For this distinction see also Stephan 1999. 

Because mass conservation has been given up in favour of energy mass conserva- 
tion, masses do not simply add up. 

To explain ferromagnetism, Pierre Weiss assumed that ferromagnetic substances 
contain small regions (Weiss domains) in each of which the substance is magnet- 
ized locally to saturation in some direction. In the unmagnetized state these 
directions are distributed at random. 

For a discussion of this point see Menzies 1988: 554—S. 

Broad uses ‘behaviour’ and ‘property’ most of the time interchangeably. Both are 
meant to refer to manifest properties of the system, i.e. latent and relational 
properties are usually not included. 

Broad’s complete explanation of a unique or specific law requires: ‘(a) that it is 
not a special case which arises through substituting certain determinate values 
for determinable variables in a general law which connects the property of any 
chemical compound with those of its separate elements and with its structure. 
And (b) that it is not a special case which arises by combining two more general 
laws, one of which connects the properties of any silver-compound with those 
of elementary silver, whilst the other connects the properties of any chlorine 
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compound with those of elementary chlorine. So far as we know there are no 
such laws. It is (c) a law which could have been discovered only by studying 
samples of silver chloride itself, and which can be extended inductively only to 
other samples of the same substance’ (Broad 1925: 65). 

a cgay Oa of the non-triviality of summing procedures see Nagel 1961: 
For a similar analysis see Beckermann 2000. 

The Hamilton function or Hamiltonian describes the total energy of a system, i.e. 
its kinetic and potential energy (given certain conditions; e.g. the potential energy 
has to be independent of velocity). Knowing the Hamiltonian allows one to 
deduce the time evolution of the system both in classical mechanics (on the basis 
of the Hamilton equations) and in quantum mechanics (on the basis of the 
Schrédinger equation). The Hamilton equations of classical mechanics are a 
generalization of Newton’s laws of motion. 

The degree of freedom of a system is the number of independent quantities 
necessary to express the values of all the variable properties of the system in 
question. A classical point particle has six degrees of freedom: three for position 
and three for momentum. 

The converse is not true. The state of a compound system can only be explained 
in terms of the state of the constituents if a lawful connection between the latter 
and the former is presupposed (see next section). 

J. B. Kennedy has called this prescription the ‘tensor product representation’ 
(Kennedy 1995). It comprises three components: The tensor product space 
H = H, ® H,, the restricted action of extension (for observables that pertain to 
one subsystem only) as in A = A, @ J, and the combined psi-function (or density 
operator): |y> = 2, c; |i> ® |j>. He points out that the assumption that the 
relation between subsystems and compounds can be described in these terms 
goes beyond the usual axioms of quantum mechanics. Thus, he agrees that the 
law of composition is an independent assumption. Kennedy also points out that 
this assumption plays a major role in allowing no-signalling proofs and therefore 
has empirical import. 

Paul Humphreys discusses the following criteria for an emergent property: it is 
qualitatively different from the properties from which it emerges, it could not be 
possessed at a lower level, different laws apply to it than to those from which it 
emerges, it results from an essential interaction between their constituent proper- 
ties, it is holistic in the sense of being a property of an entire system rather than 
a local property of the constituents, its novelty (Humphreys 1997a). 

The non-availability is not meant to be due to epistemic limitations. See pp. 44— 
5. for a discussion. 

Ansgar Beckermann has a more elaborated account of how this functionalization 
might work (Beckermann 1997: 310). 

Another way of making the same point is to distinguish phase-transitions that 
involve singularities (what we have called phase-transitions in the mathematically 
rigorous sense — they occur instantaneously) from phase-transitions that do not 
involve singularities (what we have called real phase-transitions — they take some 
time to occur). This is how Liu explains the same point, while simultaneously 
providing an explanation of why the need for the idealization in terms of infinite 
systems arises. According to Liu 


Actual systems are finite and phase transitions in them are never real 
singularities (due to fluctuations). Both TD [thermodynamics] and SM [stat- 
istical dynamics] with TL [the thermodynamic limit] idealize their systems, 
but they idealize them in opposite directions: in TD, systems remain finite 
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but are idealized to be continuous, while in SM they remain discontinuous but 
are idealized to be infinite (because having an infinite number of particles 
in a finite volume is not an option). And the idealization in SM, which 
does not seem an approximation of any actual condition is required by the 
idealization in TD, which does not appear to be good approximation — in 
practical terms, a macro-system is dense with its parts. Therefore the need of 
TL is really the result of an artifact in TD. The dramatic claim that it is 
impossible in SM to have phase transitions-in finite systems is in fact an 
exaggeration if not totally false. Finite systems do harbor phase transitions, 


only they are not singularities. 
(Liu 1999: $103) 


While I completely agree with this assessment as far as it stands, I disagree with 
Liu’s claim that phase-transitions provide examples of emergent phenomena. At 
least they are not examples of emergence in Broad’s sense. Liu takes phase- 
transitions to be examples of emergent phenomena because their thermodynamic 
description cannot be ‘reduced’ to their description in terms of statistical mech- 
anics. But this does not amount to the kind of ontological claim we are interested 
in. It concerns the relation of two features of theories that are both known to be 
idealizations, as Liu himself points out. 

The prescription for the composition of the Hamiltonians remains the same. 
There is no consensus in the literature on quantum mechanics on how to employ 
the concept of ‘separability’. The concept is discussed in Winsberg and Fine 
2003. I will go along with Kronz and Tiehen. 

Hoyningen-Huene presents a fictional conversation between a defender of 
reductionism and a defender of emergentism that suggests a similar conclusion 
(Hoyningen-Huene 1994). 


What is the issue? 


I am presupposing that water is not a rigid designator in the sense of Kripke 1980. 
For Putnam’s twin-earth considerations see Putnam 1975. 

There are other arguments that appeal to the same intuition. The conceivability of 
zombie-worlds, worlds with creatures physically like us that nevertheless fail to 
have pains and other mental states or the cases of inverted spectra are used as 
arguments for the conceivability of the failure of the supervenience of the mental 
on the physical. See Chalmers 1996: 93-106, for a collection of related arguments. 
‘It is because the qualitative character itself [of pain] is left unexplained by the 
physicalist or functionalist theory that it remains conceivable that a creature 
should occupy the relevant physical or functional state and yet not experience 
[the] qualitative character’ (Levine 1997: 548). 

For the sake of the argument I follow Levine in his assumption that our 
explanations fit the deductive nomological model. 

The assumption that the causal role can be specified a priori is rather dubious. 
However, I will not discuss it at this point. For a rigorous critique see Block and 
Stalnaker 1999, 


Micro-determination 


Similarly, as already mentioned, Jaegwon Kim argues ‘that the metaphysical doc- 
trine [of micro-determinism] rationalizes our microreductive proclivities by legiti- 
mizing microreduction as a paradigm of scientific understanding and helping to 
explain why the microreductive method works as well as it does’ (Kim 1984b: 102). 
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Kim has defined explanatory realism as espousing the following claim: ‘C is an 
explanans of E in virtue of the fact that c bears to e some determinate objective 
relation R.’ Here C and E are statements whereas c and e are events. Kim confines 
himself to the discussion of causal explanation (Kim 1984c). 

Van Fraassen does indeed use ‘true’ most of the time. It might seem that the 
requirement of the truth of the explanandum is incompatible with his constructive 
empiricism. However, he makes it clear that, strictly speaking, what is involved is 
compatible with his constructive empiricism stance. Thus, he comments on the 
‘truth’ of the explanandum as follows: ‘but that means then only that my epistemic 
commitment indicated by, or involved in, the asking of this question, is exactly — 
no more and no less than — the epistemic commitment involved in my acceptance 
of theories’ (van Fraassen 1980: 151-2). 

For a discussion of whether or not the alternatives and A have to be incompatible 
see Lipton 1991: 36-7. 

Owing to its realist commitments such an augmented version of the pragmatic 
account can of course no longer be used in pursuing constructive empiricism. 
This is why Jaegwon Kim no longer holds that supervenience is an explication of 
physicalism (Kim 1998: 9-14). 

On pp. 37-8 I described how the interaction terms can be integrated into the 
description of isolated systems. More about interaction terms in Chapter 6. 

The fact that this determination relation is a nomological relation implies in 
particular that it cannot be adequately represented as a mereological relation. In 
a mereological fusion we have nothing over and above the mereological parts. 
By contrast a physical compound incorporates a law of composition. I will discuss 
this issue in more detail in Chapter 8. 

For a critique of alleged examples of causes and their effects being simultaneous 
see Mellor 1995: 220-2. 


6 Micro-government and the laws of the special sciences 


1 Fodor concedes that he does not know whether autonomous states are ipso facto 
functional. 

2 Conventional functionalism has come under attack from two sides. First, it can 
be doubted that wildly different microstructures indeed give rise to exactly the 
same kind of macro-properties, as it is always claimed. This is the route that 
Jaegwon Kim takes (Kim 1992). For a discussion of his claims see Tomberlin 
1997, in particular papers by Levine, Antony, Block and Fodor. Second, 
there are reasons to doubt that multiple realization necessarily goes along 
with inexplicability in microphysics. Robert Batterman has recently discussed the 
example of universality in critical systems in many-particle physics. On the one 
hand these systems provide examples for behaviour that is instantiated by widely 
diverging kinds of microstructure. On the other hand it is possible to explain 
—on the basis of microphysics — why almost all the details of the microstructure 
do not matter for the kind of behaviour these systems display (Batterman 2000). 

3 Quoted in Crane 1994: 226. 

4 See also Simons 1987: chs | and 2. 

5 For the experimental evidence see Bohm 1986; 117-28. A similar example has 

been discussed by Cartwright (Cartwright 1983: 54—73). 

The plausibility of this argument depends on the fact that it is (currently) impos- 

sible to measure the separate contribution to the overall energy-states directly. That 

might change. However, this does not undermine my claim that the micro-laws 
fail to be instantiated. I will discuss this issue on pp. 96—8 and in the appendix. 


Oa 


13 


2 Notes 


7 


10 


11 


12 


13 


i) 


6 


This interconnectedness has been described by various authors. See e.g. Scheibe 
1989 and Hacking 1996 on what Hacking calls the ‘harmony-conception of the 
unity of science’. 

I make no attempt to sketch the borderlines of disciplines. That may very well be 
a matter of degree and furthermore depend on pragmatic issues. I am focusing 
on the question whether laws such as those used in today’s many-particle physics 
ought to be counted as genuine laws. If they can be then there is a sense in which 
many- -particle physics ought to be counted as an autonomous discipline. 

This is not to deny that there are explanatory practices within the special sciences 
that have no counterpart in microphysics. 

It might be the case that Fodor’s arguments give additional evidence for the 
autonomy of the special sciences if functionalism is true. Nothing in what I have 
outlined either undermines or supports his claims. The part—whole relation is not 
what functionalism is about. 

Whether or not we are confronted with the ‘common behaviour’ of a compound 
may depend on our measurement devices. If our devices were to improve and 
we were able to measure the contributions of the subsystems of the rotating 
oscillator — such as the carbon monoxide — on their own, it might be reasonable 
to treat the system no longer as a compound but rather as two separate systems. 
Some of the participants in this discussion are Cartwright (1983: 54—73), Clark 
(1990) and Mellor (1995: 189-90). 

Peter Clark cites an example of this kind due to Alan Musgrave (Clark 1990: 
159). It is not quite clear what the transpirational criterion for the reality of 
forces is pointing to. Is it an argument for the reality of the component force F; 
that is produced by one of the teams (and that contributes to the net force which 
is supposed to be zero)? Or does it point to the reality of the forces in the rope 
that act on the various fibres and that partially cancel each other so as to yield 
the component force F;? If it is not clear for which of these forces the alleged 
argument is supposed to be evidence, it is not quite obvious why it is evidence for 
the reality of any force. 


Micro-causation 


The causal relation is usually spelt out in terms of events rather than in terms of 
behaviour. There is a close connection, though. I consider so-called Kim-events. 
According to Kim an event is the exemplification of a property at a certain time t. 
See for example Kim 1973a. In our terminology: An event is the manifestation or 
exemplification of a certain behaviour by a system at time t. 

See Menzies 1988 for a discussion of part-whole supervenience and its bearing on 
the question of supervenient causation. 

This expression is due to Dennis Dieks (Dieks 1981, ch. III). 

This expression is due to Peter Menzies, who advances a similar solution to the 
problem of pre-emption (Menzies 2001). 

One may object that the problem of pre-emption was solved simply by postulating 
that the relevant law is one in which the earthquake is neglected. But why is this 
the relevant law? The pre-emption problem seems to reappear when we ask why 
we consider a law to be relevant that abstracts the earthquake away, rather than 
another that does not. This objection can be countered by pointing out that this 
abstraction is far from arbitrary. We know on the basis of other instances what to 
count as law and what not. 

NULA, as far as I have presented it, is open to the objection that it is unable to 
explain the temporal asymmetry of causation. It cannot explicate this asymmetry 
in terms of an asymmetry with respect to counterfactuals as Lewis suggests (Lewis 
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1973: 169). Such an explication has to rely on the details of the possible worlds 
semantics which I have deprived myself of. I am not quite sure how to deal with 
this problem. Even though this is clearly contentious, my tentative suggestion 
is that there is no causation without laws of succession and that the direction of 
causation piggybacks on the direction of time. 

See Sosa and Tooley 1993 as well as Mellor 1995: 186—7. An exception is Wesley 
Salmon’s new theory of causation. It explicitly avoids the invocation of laws 
of nature. However, for reasons to be discussed later Salmon’s account will not 
salvage the microphysicalist either. See note 9. 

As already mentioned, in later writings Kim explicitly denies being a micro- 
physicalist (Kim 1998: 117). 

Let me add that the microphysicalist cannot resort to either the old or the new 
theory of causation as proposed by Salmon. Salmon’s first theory relied heavily on 
counterfactuals as he himself acknowledges — counterfactuals, I hasten to add, 
that can only be thought of as true in virtue of laws of nature. Salmon’s second 
account attempts to explain causation in terms of the conservation of energy and 
other invariants. A fortiori causation requires processes or systems that are closed 
because it is only with respect to closed systems that conservation laws are valid. 
Parts of compound systems, however, in general do not qualify as closed systems. 
Salmon claims that he does not require the /aw of the conservation of energy to be 
true (that would let in counterfactuals and he is desperately avoiding them) 
but only the proposition that the energy is conserved. With respect to parts the 
proposition is not even in general true. Salmon’s papers on causation are collected 
in Salmon 1998. For a critical assessment of his two theories of causation see 
Carrier 1998. 


Microphysicalism, physicalism and pluralism 


This suggestion is discussed (though not adopted) in Witmer 2001: 57. 

The formulation is due to Barry Loewer (Loewer 2001: 39). Frank Jackson 
defends his position in Jackson 1998: ch. 1. 

One of the reasons why Kim is attracted by identity-physicalism is that the 
identity-physicalist does not fall prey to one of the problems microphysicalism is 
confronted with. According to microphysicalism the causal work is delegated to 
the fundamental level, but what if there is no such level? It seems that micro- 
causation disappears entirely in an infinite well of ever more fundamental levels. 
By contrast, in the case of identity-physicalism the causal responsibility is simply 
transferred from one property of a system to another property of the same system. 
Causation remains on the same level. 

Arguments that appeal to the causal closure of the physical, such as Papineau’s 
argument for physicalism, presuppose that it has already been shown that, for 
example, mental and physical properties appear at ‘the same place in the causal 
scheme of things’ (Papineau 1998). 
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